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1.  MANUFACTURING  TECHNIQUES 

In  general,  the  STF219  design  configuration  does  not  present 
unusually  difficult  manufacturing  problems.  Although  some  of  the 
parts  differ  geometrically  from  existing  engines,  they  use 
materials  which  are  successfully  machined,  welded,  heat  and 
surface  treated,  etc. ,  as  a  normal  part  of  Pratt  &  Whitney  Aircraft 
factory  activity.  The  major  portion  of  the  engine  can  be  classified 
a  '  standard"  to  Pratt  &  Whitney  Aircraft  production  departments 
due  to  the  experience  gained  with  the  TF30,  J58,  and  thrust 
reverser  parts  and  assemblies. 

LI  Blades  and  Vanes 

Air-cooled  turbine  vanes  are  presently  being  manufactured  by  Pratt 
&  Whitney  Aircraft  for  use  in  the  TF30  and  J58  engines. 

The  STF219  design  calls  for  more  complex  machining  practices. 

Slots  in  the  leading  edge  of  turbine  blades  and  vanes  present  no  major 
problem;  these  slots  may  be  integrally  cast  or  electrochemical  and 
electrodischarge  machining  can  be  used.  Electron  beam  drilling  of 
very  small  holes  is  now  being  developed,  and  is  proving  satisfactory 
for  the  installation  of  the  air  holes  or  slots  in  the  trailing  edge.  The 
electron  beam  and  normal  fusion  welding  and  the  brazing  required 
by  the  various  airfoil  designs  either  currently  falls  within  standard 
Pratt  &  Whitney  Aircraft  production  practices  or  are  projections 
of  same. 

1.2  Surface  Coatings 

Supplemental  surface  coatings,  which  are  applied  to  increase  the  use¬ 
ful  life  of  jet  engine  parts,  have  been  in  use  for  some  time  at  Pratt  it 
Whitney  Aircraft.  Intensive  development  work  and  testing  programs 
have  yielded  several  methods  by  which  these  coatings  can  be  applied. 
These  methods  include  application  of  a  slurry  of  metal  powder  in  a 
suitable  vehicle  which  is  then  diffused  into  the  surface  of  the  base 
metal,  applying  molten  metals  and  metal  carbides  or  oxides  using  an 
oxyacetylene  flame  torch  or  using  an  ionized  gas  (plasma) torch 
system.  Many  types  of  materials  are  coated  ranging  from  stainless 
steels,  nickel,  and  cobalt  base  alloys  to  titanium  alloys.  Typical 
coating  materials  are  aluminum,  molybdenum,  nickel -aluminide, 
and  various  metal  oxides  and  carbides- 

A  recent  innovation  is  the  manufacture  of  turbine  seals  using  a  metal 
sprayed  porous  abradable  coating,  which  permits  more  efficient 
operation  of  the  turbine  section  of  gas  turbine  engines  through 
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reduced  operating  clearances. 

At  present  there  are  two  plasma  spray  installations  in  the  production 
plus  one  unit  which  is  in  use  for  continuing  development  work.  There 
are  also  various  types  of  flame  spraying  equipment  in  use.  Additional 
plasma  spray  equipment  is  being  procured  to  meet  the  increasing 
demand  for  the  application  of  these  coatings  to  engine  parts. 

1.3  Use  of  Titanium 

The  forward  portion  of  the  3TF219  engine  is  largely  titanium.  This 
includes  such  items  as: 

•  Fan  Cases 

•  Fan  Blades 

•  Fan  Discs 

0  2nd  Stage  Vane  &  Shroud  Assemblies 

«  High  Compressor  Guide  Vanes 

•  Fan  Diffuser  Ducting 
0  Outer  Duct  Cases 

Pratt  &  Whitney  Aircraft  initiated  the  use  of  titanium  alloys  in  its 
engines  over  ten  years  ago.  Today,  after  a  great  deal  of  envelopment, 
machining  such  as  turning,  grinding,  drilling,  broaching,  etc.  has 
become  very  common  to  our  production.  Through  the  careful  control 
of  the  metallurgical  properties  of  alloys  and  welding  atmospheres, 
the  "in  line"  production  of  quality  heat-treated  aircrait  weldments  is 
now  routine. 

1.4  Compressor  Section 

This  compressor  section  is  similar  to  the  J58  compressor,  which  is 
currently  in  production.  The  advanced  design  of  integral  spacer  to  fan 
disk  and  integral  spacer  to  turbine  disk  call  for  contour  turning,  which 
is  standard  machining  practice  at  Pratt  Sc  Whitney  Aircraft. 

1.5  Intermediate  Case 

This  case  presents  average  complexity  of  heat  treating  and  machining 
problems.  54"  O.  D.  cases  can  be  handled  on  conventional  turning, 
boring  and  profiling  equ  ment  using  standard  processing. 

1.6  Burner  Assembly 

The  annular  burner  lor  the  STF219  engine  presents  no  particular 
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problem.  It  is  a  Hastelloy  "X"  weldment,  that  will  be  processed  to 
allow  sufficient  material  for  weld  shrinkage  and  for  machining. 
Smaller  parts  will  be  machined  from  forgings  and  castings.  The 
sheet  metal  will  be  formed  on  presses  and  sized  by  sizing  machines. 
We  have  had  considerable  experience  in  all  phases  of  this  type  of 
fabrication. 


1.7  Shroud  Containment  Rings  on  the  3rd  and  7th  Stage  Compressor 
Blades 

Although  th,e  use  of  containment  rings  for  retaining  blades  in  the  discs 
is  an  advanced  design,  present  equipment  and  processes  allow  the 
machining  of  30"  diameter  rings  to  close  tolerances.  Grinding  toler¬ 
ances  and  flatness  and  surface  finishes  can  be  maintained  to  meet 
design  requirements. 

1.8  Floating  Seal 

The  floating  seal  at  the  rear  of  the  high  pressure  compressor  follows 
conventional  turning  and  grinding.  Mechanical  air  seals  and  labyrinth 
seals  are  widely  used  in  this  engine.  Pratt  Whitney  Aircraft  has 
used  this  type  of  seal  in  most  turbine  engines,  and  has  developed 
highly  specialized  cutting  tools  for  machining  these  configurations. 

1.9  Outer  Compressor  Duct 

Skip  milling  or  skip  turning  is  required  on  this  part  to  form  the  joining 
flanges  ana  Z  bosses.  This  process  is  an  approved  method  of 
machining  and  currently  applied  to  the  TF30  engine  diffu3er  duct  and 
similar  pa ris 

1.10  Exhaust  Nozzle  Section 

Thl3  section  is  similar  to  the  TF3C  engine  nozzle. 

1.11  Duct  Heater 

The  design  of  the  corrugated  inner  section  which  is  resistance  w-lded 
to  the  outer  skin,  is  the  same  type  of  construction  that  is  now  being 
used  on  the  JT  1  l  combustion  chamber  cast  -inner  assenvrlv 

\.IZ  The  Thrust  Reverser 

This  section  is  made  up  of  pie  shaped  plates  with  standard  draw  bars 
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and  hydraulic  actuators.  These  items  ’re  similar  to  the  afterburner 
doors  which  Pratt  fc  Whitrey  Aircraft  are  manufacturing  for  the 
JT4  and  other  type  engines. 

1.13  Cases  with  Airfoil  Buttresses  for  Welded  Struts,  etc. 

The  buttress  configuration  will  be  machined  by  the  electro-chemical 
method.  The  lightening  slots  in  the  buttresses  are  produced  by  the 
electrodischar<’e  method.  Both  of  these  methods  are  h'ghly  developed 
and  are  in  regular  production  use  at  Pratt  fc  Whitney  Ai  rcraft  on  the 
JT8D  and  TF30  engines. 

1.14  AssembK 

The  manufacture  of  the  JT8D  engine  has  provided  considerable 
assembly  experience  or  full  ducted  fan  engines-  No  unusual  difficulties 
are  anticipated  with  the  STF219  outer  duct  design.  The  majority  of 
the  engine  is  amenable  to  standard  Pratt  it  Whitney  Aircraft  assembly 
practices. 

The  assembly  and  balancing  of  "overhung"  compressor  (3rd)  and  far 
stages  are  accomplished  on  the  JT8D  e-  gine.  The  STF219  will  be 
handled  similarly. 
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2.  MATERIALS 

The  materials  selected  for  major  components  of  the  STP'219  engine  are 
listed  in  Tables  F2-1  and  F2-2.  Table  F2-1  also  shows  the  materials 
previous!/  proposed  for  the  J1  1 1  F ~  !  1  and  Jl  1  IF  - 12  in  the  Phase  I 
Report,  and  an  indication  of  th.  reason  for  any  difference;  between  the 
Phase  I  and  Phase  II-A  Reports.  Table  F2-2  relit.es  these  materials 
to  applications  in  current  Pratt  &  Whitney  Aircra,.  engines. 
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PROPOSED  SST  MATERIALS  RELATED  TO  CURRENT  ENGINE  APPLICATIONS 

Engine*  Major  Component  in 
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2. 1  Turbine  Blades 

A  primary  factor  in  the  development  of  turbojet  engines  having  improved 
thrust  ratings  has  been  the  development  of  turbine  blade  alloys  with 
mechanical  and  physical  properties  capable  of  withstanding  the  high 
temperatures  and  stresses  involved.  Early  in  the  development  of  the 
J48  centrifugal  compressor  turbojet  engine  it  became  apparent  that  the 
properties  of  the  current  turbine  blade  alloy,  Nimonic  80A,  limited  the 
performance  and  hindered  the  development  of  advanced  powerplants. 

The  attainment  of  increased  thrust  ratings  was  closely  linked  to  the 
development  by  Pratt  &  Whitney  Aircraft  of  a  new  nickel-base  precipi¬ 
tation  hardening  alloy.  This  alloy  was  the  original  Waspaloy,  with  the 
following  composition  -  19.5Cr,  13.5Co,  3.5Mo,  2,5Ti,  1.2A1,  bal¬ 
ance  nickel.  Initial  development  efforts  were  concerned  with  defining 
the  composition,  directing  programs  at  the  fabricators  leading  to  im¬ 
provements  in  melting  and  forging  practice,  and  establishing  the  heat 
treatment  which  is  basic  foi  this  and  similar  alloyB.  This  alloy  system 
proved  to  be  so  successful  that  it  formed  the  basis  for  a  family  of  forged 
alloys,  including  Udimet  500  and  Udimet  700,  which  are  basically  sim¬ 
ilar  to  Waspaloy,  but  with  higher  hardener  contents  (Ti  and  Al).  With 
each  level  of  increase  of  strength  due  to  additional  alloying  elements, 
the  forgeaoiJity  of  the  material  was  reduced.  Beyond  the  Udimet  700 
composition  a  family  of  nickel-base  alloys  has  been  developed  which 
achieved  such  high  creep  and  rupture  strength  that  the  alloys  are  cur¬ 
rently  considered  non-forgeable  and  therefore  are  employed  as  castings. 
The  relationship  of  forgeability  to  composition  is  illustrated  schemati¬ 
cally  in  Figure  FZ-I.  During  the  period  of  development  of  the  family  of 
nickel-base  superalloys,  performance  improvements  cf  Pratt  &  Whitney 
Aircraft  turbojet  engines  have  been  realized  because  of  the  development 
of  higher-strength,  higher-temperature ,  better  quality,  and  more 
reliable  alloys.  To  illustrate  this,  the  temperature  capability  of  these 
alloys  has  increased  more  than  300*F  from  1947  to  19h4.  This  progress 
is  shown  in  Figure  F2-2. 
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2.  1.  1  Anoy  Election  for  the  SST  Turbine  Blades  -  Selection  of  the 
alloy  for  the  turbine  blades  of  the  SST  engine  is  based  on  successful 
JT11  (J58)  engine  experience,  which  was  in  turn  based  on  thousands 
of  hours  of  laboratory  and  test  rig  evaluation.  The  results  of  this  test¬ 
ing  are  discussed  in  Section  15  of  the  Final  Contract  Report.  Primary 
factors  evaluated  in  these  extensive  Pratt  It  Whitney  Aircraft  materials 
programs  include: 


Mechanical  properties  at  elevated  temperatures 

-  Creep  and  stress -rupture  strength  and  ductility 

-  Tensile  strength  and  ductility 

-  Fatigue  behavior  of  test  bars  and  prototype  blades 
Thermal  fatigu",  both  coated  and  uncoated 
Oxidation -cor  rosion  and  erosion  resistance 
Coating  requirements  for  high  temperature  operation 
Metallurgical  stability  durir-  long  exposures  to  temperature  and 
stress 

Reliability  of  castings  as  related  to  melting,  casting  and  quality 
control  **  actiees. 


Based  on  an  analysis  wi  •l-1  ‘actors  as  detailed  above,  three  nickel- 
base  alloys,  PWA  658  (IN  100),  p.;a  659  {SM  200),  and  PWA  66  5, 
are  proposed  as  the  most  prou.ifing  candidates  for  first,  second,  and 
third  stage  turbine  6  ,» A  t>58,  659  anc  663  are  complex 

nickel-base  casting  alloys  which  derive  their  strengths  from  disper¬ 
sions  of  carbides  and  N»3  (T \ ,  Ai,  M)  type  intern  *tallic  compounds. 
Nominal  compositions  and  stress- rupture  acceptance  requirements 
of  the  alloys  ar  -  listed  in  Tables  F2-3  and  l'Z~A 


TABLE 


ALLOY  COMPOSITION 


A 1  lo  v 

■  i, » 


IXEL 


Co  .-..position 


PWA 

6S8 

Nickel-base 

PWA 

t>5^ 

Nickel -base 

PWA 

663 

Nicicel  -ba  se 

9.  5or-  !5Co-3Mo-4. 8T s-5.  5A1-1V  -0.  0  1  5B- 

0.  06/.  r 
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TABLE  F2-4 

PWA  SPECIFICATION  REQUIREMENTS  FOR 
STRESS-RUPTURE  PROPERTIES 


Alloy 

Temp. 

Stress 

Life  {min. ) 

Elongation  (min. ) 

PWA  658 

1800F 

29, OOOpsi 

23  Hrs. 

4% 

1400 

85,000 

23 

2 

PWA  659 

1800 

24,000 

23 

3 

1400 

94,000 

23 

i 

1 

PWA  663 

1800 

29,000 

30 

3 

1400 

94,000 

23 

? 

(Elongation  at  140QF  is  determined  2  hours 
before  rupture). 

The  PWA  658  alloy  selected  as  the  primary  candidate  material  for  the 
three  turbine  stages  has  been  demonstrated  to  be  a  highly  reliable 
creep-resistant,  commercially  available  cast  material  by  co  siderabls 
rig,  experimental  engine,  and  accumulated  service  experience  in  J5S 
engines.  The  alloy  is  readily  castable  into  the  intricate  configurations 
required  for  cooled  turbine  blades.  Furthermore,  though  it  possesses 
high  creep -rupture  strength  in  the  cast  condition,  a  16G0“F  heat-treat¬ 
ment  for  12  hours  significantly  improves  'he  1400  and  1800°F  creep- 
rupture  properties  over  the  as-cast  condition  The  most  significant 
improvement  ,n  PWA  658  properties  occurs  in  i400°F  c ~?ep -rupture 
life  and  prior  creep  elongation.  This  is  of  primary  importance,  since 
the  1400°F  ductility  of  nickel- base  alloys  is  often  a  limiting  factor,  par¬ 
ticularly  when  highly  stressed  configurations  such  as  blade  roots  are  tc 
operate  at  this  temperature. 

Materials  design  criteria  for  turbine  blade  alloys  are  based  on  creep 
and  rupture  data  for  the  proposed  operating  temperatures.  Time  to  1 
per  cent  creep  is  one  of  the  limiting  factors  in  blade  design,  and  it  de¬ 
fines  the  capability  of  any  alloy  to  withstand  long  time  operation.  In 
addition  to  strength  to  resist  the  tendency  to  crf"»p  at  high  temperatures, 
a  useful  alloy  must  have  sufficient  ductility  to  resist  the  adverse  effects 
of  stress  concentration.  Using  fundamental  information  of  this  type,  the 
designer  must  then  provide  for  supplemental  cooling,  where  operating 
conditions  require  gas  temperatures  which  are  incompatible  with  the 
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long-time,  high -temperature  properties  of  the  material.  Conventional 
creep  and  rupture  tests  imxortunately  show  only  the  effects  of  steady 
stress  and  temperature  on  the  deformation  behavior  of  an  alloy.  Ther¬ 
mal  gradients  produced  in  both  cooled  and  uncooled  parts  have  a  sig - 
nificant  effect  on  the  alloy's  performance,  but.  do  not  yield  themselves 
to  simple  prior  analysis.  P“att  &  Whitney  Aircraft  has  built  up  a  tre¬ 
mendous  fund  of  practical  experience  on  the  applicability  and  reliability 
of  both  cast  and  wrought  nickel  alloys  under  many  varied  conditionr  of 
engine  operation,  and  is,  therefore,  fully  aware  of  the  limitations  of 
these  systems.  Continual  studies  of  effects  of  thermal  gradients  asso¬ 
ciated  with  air  cooling,  combined  stress  fatigue,  and  thermal  fatigue 
supplement  standard  creep,  rupture,  and  fatigue  testing  in  order  to 
understand  mere  fully  the  complex  behavior  of  turbine  blade  materials. 

Oxidation,  sulphidation,  corrosion,  and  erosion  resistance  are  also 
of  importance.  Because  these  material  properties  as  revealed  by 
conventional  laboratory  methods  often  do  not  correlate  with  behavior 
exhibited  in  an  actual  engine,  new  testing  methods  have  had  to  be 
devised.  The  rotating  specimen  rig,  pictured  in  Figure  F2-3  shows 
one  type  of  apparatus.  This  rig  is  capable  of  simultaneously  exposing 
several  samples  of  promising  blade  or  vane  materials  and  coatings 
to  high  velocity,  high  temperature  gases,  with  or  without  addi¬ 
tives,  to  simulate  engine  service.  Through  laboratory  rig  tests  and 
experimental  engine  tests,  the  sources  of  failure  in  the  cobalt-aod 
..ickel-base  alloy  systems  have  been  defined.  It  has  been  found  that 
coatings  could  be  tailored  to  retard  sulphidation,  erosion,  corrosion, 
and  thermal  fatigue  triggered  by  oxidation  at  grain  boundaries.  One  of 
the  significant  results  of  this  program  has  been  the  development  by 
Pratt  &  Whitney  Aircraft  of  an  aluminum -silicon  coating  PWA  47} 
which  is  used  to  protect  nickel-base  turbine  blades  from  intergranular 
oxidation.  The  effectiveness  of  thi3  coating  in  protecting  the  metal  sur~ 
face  is  illustrated  in  Figure  F2-4.  A  high  temperature  diffusion  cycle 
is  employed  to  produce  a  layer  of  intermetallic  compounds  closely  con¬ 
trolled  in  thickness.  The  coated  surface  is  an  effective  barrier  against 
surface  reactions  generated  by  the  combusted  gases.  The  factors 
which  limit  coating  life,  exclusive  of  the  prospect  of  foreign  particle 
damage,  are  the  physical  changes  associated  with  the  diffusion  mech¬ 
anism,  the  surface  melting  temperature ,  and  the  erosion  resistance  of 
the  coating.  The  PWA  coating  is  known  to  melt  at  approximately 
2100#F  and  the  test  data  which  have  been  collected  under  rig  tests 
predict  that  metal  surface  temperatures  should  not  exceed  IdOO°F 
for  extended  engine  operation.  Test  dat^  in  excess  of  1400  hours  at 
170G*F  have  demonstrated  that  the  PWA  coating  maintains  its  integ¬ 
rity  with  no  significant  signs  of  distress.  Because  of  the  importance 
of  coatings  in  the  operation  of  nickel  alloy  hardware  at  temperatures 
above  1700*F,  Pratt  &  Whitney  Aircraft  has  maintained  a  development 
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Figure  F2-3.  Rotating  Specimen  Rig 
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results  are  presented  in  Section  15  of  the  Final  Contract  Report.  Over¬ 
aging  and  attendant  loss  of  rupture  strength,  as  wel’  as  embrittlement 
due  to  (a)  precipitation  of  1^23^6  or  M(,C  carbides  at  grain  boundaries, 
or  (b)  duplexed  grain  structure  resulting  from  forging  and  inte -granular 
cracks  associated  with  creep  deformation  mechanisms,  have  been  en¬ 
countered,  Although  Pratt  &  Whitney  Aircraft  has  millions  of  hours 
of  commercial  and  military  experience  on  wrought  and  cast  nickel 
alloys,  it  continue  to  direct  considerable  attention  towards  defining 
the  effects  c i  the  above  factors  in  order  to  extend  *he  useful  life  of 
wrought  turbine  blade  material  and  to  improve  the  temperature- time 
capability  of  the  cast  nickel  alloys. 


The  two  alternate  cast  alloys,  PWA  659  and  PWA  663,  considered  for 
turbine  blade  application  have  also  undergone  extensive  rig  and  experi¬ 
mental  engine  testing.  Comparison  of  all  three  cast  alloys  on  the  bat  is 
of  stress  for  1  par  cent  creep  at  16C0®,  1700*  and  1800°F  indicates  that 
PWA  659  is  more  creep  resistant  than  PWA  658  or  PWA  663  for  times 
of  100C  to  10,000  hours.  These  results  are  shown  in  Figures  F2-5to 
F2-7.  These  materials  are  considered  on  the  more  realistic  basis  of 

i 

strength -density  relationship  in  Figures  F2-8  through  F2-  10.  The  cast 
alloys  are  more  nearly  equivalent  n  strength -density. 


The  PWA  659  alloy  has  performed  favorably  in  advanced  IT -4  and  JT- 
11D  engines.  PWA  663  also  has  experienced  engine  tests  in  JT-8  and 
TF33  engines,  showing  impressive  performance  in  creep  and  thermal 
fatigue.  Although  PWA  659  shows  superiority  in  creep  and  thermal 
stability  to  all  other  cast  alloys,  the  alloy  shows  lower  creep  ductility 
at  intermediate  temperatures  (1200°  to  1400  ”F).  Since  PWA  659  a  no 
PWA  663  alloys  offer  considerable  promise,  improvements  in  master 
heat  production  methods  ant.  investment  casting  techniques  are  bemg 
explored  by  vendors  and  Pratt  St  Whitney  Aircraft.  Based  on  current 
data,  encouraging  ductility  advances  have  been  noted.  In  fact,  when 
thermal  stability  and  mechanical  strength  (exclusive  of  ductility!  are 
considered,  PWA  659  and  PWA  663  are  equivalent  to  PWA  658,  and 
when  the  expected  ductility  advances  are  confirmed  by  extensive  rig  and 
angine  testing,  these  alloys  may  well  surpass  the  best  performance  of 
PWA  658 


Although  evaluation  of  all  candidate  alloys  has  been  discussed  largely 
in  terms  of  creep-r  lpture ,  thermal  fatigur,  and  oxidation-erosion 
resistance,  a  significant  factor  concerning  the  mechanical  behavior  of 
these  cast  nickel- base  ulloys  should  be  noted.  Reversed  bending  fatigue 
data  for  PWA  658  and  PWA  659  show  high  fatigue  strength,  with  notched 
fatigue  strength  (10^  cycles)  equivalent  to  or  higher  than  smooth  strength 
at  elevated  temperature*.  Note  that  PWA  659  is  superior  to  PWA  658. 
These  notch  strengths,  which  range  as  high  or  higher  than  smooth  bar 
strengths,  are  most  encouraging  from  a  design  standpoint.  These  re¬ 
sults  are  listed  in  Table  F2-5. 
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TABLE  F2-5 

FATIGUE  PROPERTIES  (108  CYCLES)  FOR 
PWA  658  AND  PWA  659  ALLOYS 


Smooth 


Notched 


2 


Temp. 

PWA  658 

PWA  659 

PWA  658 

PWA  659 

1200F 

38  ksi 

41  ksi 

32  ksi 

46  ksi 

1350 

38 

39 

38 

39 

1500 

38 

44 

38 

44 

ESTIMATED  MINIUM 


Figure  F2-5.  1.0%  Creep  Strength  *t  1600’F,  PWA  658,  PWA  659, 

PWA  663,  Nickel  -  Bate  Alloy* 
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Figur®  F2-6.  1.0%  Creep  Strength  at  I7G0°r,  PWA  658,  PWA  659 
PWA  663,  Nickel  -  Base  Alloys 
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PWA  663 -  Nicxel  -  Bs««  Alloy. 
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Figure  F2-R,  lime  to  1.0%  Cresp  at  1600°  F 
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2.2  Turbine  *  unes 

Pratt  &  Whitney  Aircraft  hap  nade  extensive  use  of  cobalt-base  alleys, 
particularly  as  precision -cast  first  stage  turbine  vanes,  because  of 
their  excellent  resistance  to  thermal  shock,  high  melting  temperature 
(cobalt  has  some  70*F  superiority  over  nickel  in  melting  point,  272'  ®F 
vs,  2651  *F),  and  good  castabiiity.  The  cobalt  alloys  gain  their  strength 
principally  from  complex  refractory  metal  carbides  ,  which  are  difficult 
to  dissolve  and  diffuse.  This  carbide  strengthening,  although  effective 
at  high  temperatures,  is  less  <*tfective  tnun  the  strengthening  -  recess  of 
the  nickel  alloy?  at  intermediate  temperatures.  Thus,  cobalt  alloys  are 
used  more  in  vane  (high  temperature)  than  in  blade  (inter me iiate  tem¬ 
perature)  applications.  Pratt  &  Whitney  Aircraft  u3e  of  cact  cobalt 
alloys  includes  Stellite  21  (AMS  5385),  Otellite  31  (AMS  5382),  V>T-b2 
tPWA  653)  and  SM  302  (PWA  637).  The  latter  two  aiioys,  which  use  in¬ 
creased  amounts  of  the  refractory  metric  tungsten  and  tarralum,  are 
significantly  stronger  than  the  Stellite  21  and  3J  alloys.  WT-52  clloy, 
containing  2  ICr-  1 1  W-2Fe-  1.  7bCb-0.  45C,  has  been  shown  to  have  the 
greatest  bow  resistance  of  any  current  cast  cobalt  base  alloy.  It  does 
require  a  suitable  protective  coating  for  long  time  use,  and  it  has  been 
found  that  a  diffused  aluminum  coatii4g  (PWA  45)  prevides  adequate 
protection  for  this  alloy.  The  propr rtie'  and  characteristics 
of  the  nickel-base  superalloys  being  considered  for  SST  application 
afe  described  under  the  turbine  blade  portion  of  this  section. 

The  alloys  under  discussion  are  fundamentally  subject  to  damaging 
structural  changes  dependent  xmon  certain  c  nditions  of  stress,  tem¬ 
perature,  and  time.  Some  cobalt -chromium  alloys  strengthened  by 
refractory  metal  carbides  are  susceptible  at  high  tempjraluita  to  the 
formation  of  a  brittle  chromium -cobalt  internnetaiiic  known  as  cigma 
phase.  Further,  the  strengthening  carbides  under  conditio  s  of  hi*., 
heat  may  coalesce  and  eventually  dissol.e ,  causing  loss  of  strength. 

The  nickel-base  alloys  strengthened  by  the  N13  (Al,  T i )  compound  re. 
of  course,  also  susceptible  to  loss  in  strength  whe ;.  overaging  (incxease 
in  particle  site)  or  dissolving  of  the  hardening  constituent  occurs  at 
high  temperatures.  Further,  these  alloys  are  to  varying  degrees  sus¬ 
ceptible  to  damage  under  conditions  of  thermal  cycling  and  thermal 
fatigu-a.  Pratt  t>  Whitney  Aircraft  is  very  aware  of  the  limitations  of 
the  nickel  and  cobalt  systems  v.dth  regard  to  long  time  «tabilitv  am:  hue, 
over  the  years  built  up  a  tremendous  amount  of  experience  in  this  area 
Additional  information  in  this  area  is  provided  in  Section  »3  of  the  Final 
Contract  Report.  Material  ■  for  the  turbine  cempruv,,,®  of  Pra*t  k 
Whitney  Aircraft  engines  are  selected  cn  th.  oasis  ci  meeting  long  time 
durability  requirements. 

PWA  653  (Wi-52j  has  been  selected  as  the  first  stage  vane  alloy  for  the 
SST  engine.  This  selection  was  based  cn  the  material's  good  th-rtnal 
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shock  and  bow  resistance,  and  the  accumulated  flight  experience  in 
various  models  of  the  J52,  JT8,  JT3,  ana  J75  engines.  The  alloy  re 
r“iires  a  protective  coat.b  g  for  service  above  17C0“F  but,  as  stated 
previously,  an  established  aluminum-be.se  coating  has  beer,  found  to  be 
adequate  for  this  purpose. 

PWA  658  (IN  100)  has  been  selected  fer  both  the  second  and  third  sta?e 
vanes  in  the  SST  engine  baaed  on  the  excellent  performance  of  this  .  '1  y 
in  the  J58  engine.  The  higher  stresses  in  these  stages  require  a  strr  .g- 
er  alloy  than  PWA  653.  The  outstanding  properties  of  PWA  658  alloy, 
excellent  castability  and  excellent  high  temperature  and  thermal  fatigue 
strengf  s,  have  been  demonstrated  in  turbine  blade  applications  as 
described  earner  in  this  section.  Sfre^s-ruptur ~  acceptance  require¬ 
ments  for  these  two  alloys  are  listed  in  Tabie  F2-6. 

TABLE  F2-fc 


ALLOY  STRESS  RUPTUFE  REQUIREMENTS 

Temperature  Stress  Life 

Elongation 

(*F) 

(psi) 

(Hrs.  Min.) 

(%  Min. ) 

PWA  659 

1800 

15,500 

Zi 

5 

PWA  658 

1800 

29,000 

23 

i 

These  properties  and  others  are  controlled  by  specification.  In  additiox., 
Pratt  &  Whitney  Aircraft  alloy  qualification  includes  stringent  rig  and 
experimental  engine  testing  to  evaluate  bow,  thermal  fatigue  and  thermal 
shock  resistance.  Average  results  of  such  testing  ai:e  shown  in  Table 
F2-7. 


Ail  three  vane  stages  will  be  coated  for  protection  against  surface 
oxidation  and  corrosion  and  cooled  to  decrease  metal  temperatures  to 
acceptable  levels.  As  indicated  previously,  PWA  45,  a  diffusion  coat¬ 
ing,  will  be  used  on  WI-52,  This  alloy-coating  system  has  been  used 
successfully  in  the  J52,  J73,  JT3  and  J75  engines  for  millions  of 
hours  of  commercial  and  military  operation.  PWA  47,  diffused  alumi¬ 
num-silicon  coating,  will  b  ■  used  to  coat  the  PWA  658  (IN  iOO)  vanes. 
Based  on  maximum  expected  turbine  inlet  temperatures  and  the  cooling 
schemes  to  be  employed,  average  vane  metal  temperatures  of  3  750*F. 
will  be  experienced,  with  maximum  temperatures  not  exceeding  1800®F 


Of  several  alternate  alloys  considered  for  vane  use,  PWA  659  has 
been  selected  as  the  back-up  material  to  PWA  658  in  second  and  third 
stage  vanes,  and  PWA  663  for  use  in  ail  three  stages.  PWA  t>6 3  has 
demonstrated  outstanding  thermal  shock  and  thermal  fatigue  charac¬ 
teristics  in  both  rig  and  experimental  engine  tests. 
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TABLE  F2-7 

RIG  TRAILING  EDGE  BOW  AND  THERMAL  SHOCK 
DATA  FOR  VARIOUS  COATED  AND  UNCOATED 
NICKEL  AND  COBALT-BASE  ALLOYS 


Alloy 

Coating 

Trailing  Edg<4  *) 
Bow  (inrSiea) 

Trailing  E'ige 

In  Thermal  Stock 
Bow  Tent  (Inches) 

Cycle*  ioCttck^t 
In  Thermal  Shock- 
Bo.*  Test  (Cycles) 

Nickel-Ba*e 

PWA  658  (IN  10C) 

None 

0.004 

0.004 

800 

PWA  o58  (SN  100) 

PWA  47 

O.COi 

0.004 

900 

PWA  659  (SM  ?00) 

None 

0.003  -  0.007 

0,003  -  0.  010 

200  -  400 

PWA  659  (SM  20 0) 

PWA  47 

0.001  -  0.002 

0.  002  -  0.  006 

300  -  1200 

PWA  663 

None 

0,002  -  0.0.0 

0.004  -  0.015 

200  -  600 

PWA  663 

PWA  47 

0.  002  -  0.  003 

0.  305  -  0.  004 

900  -  1300 

Cobalt-Base 

... 

PWA  653  (WI  52) 

None 

0,  005  ...  007 

0.  007  -  0.  023 

100  -  500 

PWA  653  (WI  52) 

PWA  45 

C.004  -  0.  008 

0.009  -  0.017 

500  -  700 

PWA  657  (SM  302) 

None 

0.014  -  0.024 

0.  029  -  0.  072 

400  .  600 

PWA  657  (SM  302) 

PWA  45 

0.005 

0.025 

900 

(1J  12  hour*  at  1950JF  and  5000  psi. 

(2)  12  hour*  at  '95G*F  and  5000  pal  +  400  thermal  cycle#  (2100'F  -  15  seconds  hot,  30  seconds 
cold) 


For  future  vane  and  blade  consideration  new  nickel-base  alloys  recently 
developed  by  Pract  &  Whitney  Aircraft  and  designated  PWA  664, 

PWA  1401,  and  PWA  1402  promise  thermal  fatigue  properties  far 
above  any  existing  alloy.  The  anticipated  thermal  fatigue  life  should 
lead  to  longer  lived  and  more  reliable  turbines. 


In  a  more  advanced  class,  the  duPont  ttevcloped  dispersion  strengthened 
alloy,  TD  nickel  is  a  promising  vane  material.  This  alloy  is  attractive 
because  of  higher  melting  point  {2650  °F).  and  higher  thermal  conduc¬ 
tivity  than  conventional  superalloys,  permitting  higher  vane  operating 
temperatures  and  greater  resistance  to  thermal  fatigue  and  shock  by 
minimizing  thermal  gradients.  Uncoated  TD  nickel  sheet  metal  vanes 
have  shown  excellent  endurance  in  20Q0*F.  rig  tests.  TD  nickel  vanes 
have  been  engine  tested  or  scheduled  for  test  early  in  1965  in  J58, 

TF30,  TF33P-7  and  JT8D  engines.  TD  nichroms,  recently  released 
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by  duPont  also  is  receiving  a  great  deal  of  attention  since  it  ha6 
greater  oxidation  resistance  than  TD  nickel. 

Furthermore,  a  new  nickel-base  alloy  recently  developed  by  Pratt  t 
Whitney  Aircraft  and  designated  PWA  664  promises  thermal  fatigue 
properties  far  above  any  existing  alley.  Operating  temperatures  will 
necessarily  be  limited  by  coating  melting  point  and  stability;  lowevei , 
the  anticipated  thermal  fatigue  life  should  lead  to  longer  lived  and  more 
reliable  turbines. 

2.3  Material  Descriptions 

General  descriptions  of  the  chemical  composiiion,  mechanical  prop¬ 
erties,  and  fabrication  characteristics  of  the  materials  selected  for  use 
in  the  supersonic  engine  are  presented  on  the  following  pages. 
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AMS49J0  AMS'*  *26  AMS  4986 
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SFSClFIwATICMS: 

LHS  4*910 

*  «  4926 

AMS  4966 

Sheet,  strip, 
plate 

Bars 

Ponging  a, 
forging  stock 

Ctiomoii 

Aru.ealed 

Annealed 
(He  36  mi) 

a  nr  ea  led 
(Rc  36  max) 

C't$.0«  D2?IaSATI0r* 

A-110AT,  Ti-5al-2.5i  t 

h.&ri£*  Wu  .TICK:  Multiple  consumable  electrode  melted  under  vacuus 

uikKSrtAi.  DESCdlFTloa:  Ti  *5Al-2.bSn  1.*  an  alpha  titanium  alio?  which  la  not  hardenablr 

by  haatraat «wrt*  allay  is  applicable  to  compressor  components  which  must  be 
welded  and/.'r  which  req  \ir*  strengths  ouperior  to  that  of  AhS  4901  at  temperature? 
up  to  uOO  P,  Xensile  strength  of  alley  i ?  inferior  to  th-t  of  AMS  492«  (Tl  -OA1-4VI 
ut  ita  craap  strength  la  aup^rlor  at  tempera tunas  above  800  P.  Alloy  for gaa  with 
silently  wore  cifflculty  vhan  kVA  49?8  and  ita  machinabll!  ty  la  conparabla  to  that 
of  tfc*  other  titanium  alloya  ( sisal If.r  to  a  .atanlttc  atelnlaaa  steels).  WaldabilHy 
poses  no  problem  man  accompli  shad  with  proper  techniques.  Oxidation  resistance  la 
bood  at  temperatures  up  to  1000  P.  Corrosion  resistance  in  *  oneral  is  excellent; 
however,  with  advaraa  comfcinstiona  cf  stress,  tuaper* tura,  and  halogen  madia,  stress 
corrosion  cracking  la  possible. 

APPLICaTa  “Si  Tlteniwx  parta  requiring  good  weldability  and  strength  auparlor  to  chat 
of  A>Ii»  4901  and  AMS  4921  at  temperatuims  up  to  800  ?.  Particularly  applicable  to 
comp  rasa  or  components. 

ChJKtCA L  O'KfOSITlOD  (Nominal)  t 

C  kl  Sn  Fe  to  H  N  TI 

53  73  OG»  COT  W  r*raiTn3«f 

HSAT.i&nTiviflT:  Kot  hardenaMe  by  hec treatment. 

Solution  anneal:  1600  P  *  25,  air  cool. 

Vacuum  or  Inert  sr.no sphere  required  for  heatret* tment  of  sheet  *<.&  finish  machined 
surfaces  at  temperatures  above  *160  K. 

3 tress -relief :  115C  ?  for  2  hours  In  air,  air  cool. 

Fv.li«fcA&IJ*lT? :  Good  forgeability,  but  a*>re  difficult  than  AMS  4928  (Tl  -  6A1-4V). 

Hecomencled  forging  range  is  1900  -  1600  P. 

.  UKl**cli*lTf i  Pair  to  Rooa  formability  at  roon  t anparatuno;  inferior  to  austenitic 
stainlaca  steels  and  AhS  4901  titanium.  Annealed  sheet  (<0,070  In.)  la  capable 
of  rocm  temperature  beno  of  106  dag  around  a  diameter  which  la  r>  times  Its 
thlckne^a.  Maximum  fonaablllty  realised  with  alow  rates  of  deformation  at 
elevated  temperature*  (400  -  1200  F). 

huCblKAblLITY :  Somewhat  difficult;  more  difficult  than  that  of  concert  lly  pure 

grades  and  austenitic  stainless  tteela.  essential  requirements  for  * uocsssful 
machining  are:  sharp  tools,  heavy  feeds,  slow  speeds,  rigid  support,  <nd 
sburdsnt  supply  of  coolant. 

'jCALDAblUTf:  headily  weldabla  by  resistance  or  fusion  methods.  Fusion  welding  la 

done  in  protective  Inert  e,a*  atmosphere  with  *MS  4951  (commercially  pure  titanium) 
flll«r  motel.  Stress-relief  at  1150  F  for  2  hours  In  air  required  f jr  large  or 
coop lex  fusion  weldments. 

ErtA-SiwtPILlTY:  Kot  readily  braseable.  Limited  experimental  brazing  has  produced 

ductile  Joints  with  pure  silver  brazing  metal.  For  specific  replications 
consult  fesl^.n  Metallurgy. 


f 


i 
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CHSMC^L  W0ffiHTI;» 

lOmtu&XvU  h*;SiSrA*uJKi  ueneral  corrosion  resistance  Is  excellent.  Subject  to  stress 
corrosion  failure  whan  exposed  under  stress  to  helogen~contalning  atmospheres 
at  temperatures  above  500  F. 

UXXftATIOK  h~31S?M9C£:  heslsts  oxidation  at  temperature*  up  to  approximately  1000  F - 

extended  exposure  at  1000  F  and  higher  result4'  in  loss  of  ductility  and  fatigue 
strength  due  to  diffusion  a;  oxygen. 


mi  "  no.  F2-29 


CONPIOINTIAL 
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CONPIOBNTIAL 

MATT  •  WNITN3V  AIRCRAFT 


PWA  1202 

. . 

\  uijwua  imfohhmioii 


snciriCATioai  rm.  i*oa,  ra  xsm  \ 

POHWi  Bars,  forgings,  forging  stock 

CONDITIO!;  8er*  and  forgings;  Solution  and  stabilisation  a  nn  salad  -  rtC  39  maximum 
Forging  stock:  As  or dared  by  forger 


COMMON  B*»I0i.ATl0tf:  Ti-QAl-).Mo-lV 

KkLTIuG  PRAwf ICBt  HuJ.£lpls  consumable  alectroda  melted  under  vacuum 

QENArtAL  D*oCRI*TI0k;  I’i-UAl-lho-lV  is  ta  alpha-loan  b#*t»  tita^Sur.  alloy  which  la  used 
in  the  duplex  annealed  condition.  nllo>  la  artlcularly  apt  llcanla  to  Jet  *i.^ir»e 
compressor  consonants  which  raquira  ^ood  strength  and  thermal  stahil'ty  within  tha 
tesperature  ranca  s> CO  -  1000  F,  alloy  la  superior  in  Strength  to  annealed  kFu  4988 
(Tl-uAl-lV)  alpha-bet*  alloy  t.articul«rly  at  tenpereture*  eb~va  «*0C  r .  i  e- all  jr^lcal 
and  s  arises  stability  ar*  bood  up  to  approximately  1000  r,  alloy  for*  as  with  slightly 
•ora  difficulty  than  A»4  4926  and  its  nachinab?  11  ty  la  ooaaparabla  to  that  of  tha  othar 
titanium  alloys  (similar  to  auatanltlc  stalnlaaa  stasis).  Weldability  in  gwsytl.  la 
comparable  1 1  that  of  MS  4910;  however,  tfcere  Joint  raatralnta  a**s  high,  weloj;**,  may 
ba  more  difficult*  Oxioatlo  and  corrosion  resistance  ara  a  milar  to  that  of  MU  491C 
(A-  110AT  )  • 

APPLICATION:  Titanium  parts  requiring  superior  U  ilia  yield  a  *  eraep  strengths 

within  tha  temperature  ra.^a  of  500  -  900  F,  Used  primarily  tor  compressor  blades 
and  discs* 

CtUMCAl  .o: rOblTXOts  (bOMlnal): 

3^175  0 

ohaxlKtm 

lUAThikiTj  aWTt 

dolut*on  anneal;  lb2fc  -  '  75  Y  for  1  Ur,  air  cool 
dtahlHsa  anr.aal;  1035  -  1115  F  for  tt  hr  (min,),  air  cool 

Normal  hcatreatmant  la  a  duplex  treataan t  tfilch  incorporates  both  solution  and 
stabilising  arnaala*  Solution  sru-eallng  within  1775  -  ?3?5  F  rar^a  anhancaa  elevate, 
temperature  atrei^th  end  ro-c  toamereture  notch  strengths  at  the  expenae  of  some  loss 
of  room  temperature  tensile  ductility. 

FGBGIAMUTY;  Good  forgeability,  slightly  -sere  difficult  than  AN  4C28  (T1-6A1-4V/. 
Haoosaaandad  forging  rsnga  is  i860  -  lb 50  t. 

KACblft*  aomewhat  uiffiru  d~s  to  high  rate  of  work  hard*nlrv  .  imchlnir^ 

accompli ahen  wi th  lsae  ganeral  technique*  employ# a  for  austenitic  stainless  steels, 
hut  with  slightly  mor*  difficult). 

WBLDABILJ*?;  Ductile  welds  with  good  strengths  are  obtainable  by  resistance  or  fusion 
methods  genera* \y  used  for  AK3  4910  (A-UOAT)  alpha  type  titanium  alloy.  For  atr  a# 
relieving  has*. istawnts  required  after  fusion  welding  large  or  complex  assemblies, 
consult  Design  Metallurr  For  a  given  weldment  Involving  Joint#  of  moderate  to  high 
restraint.  alloy  may  be  more  difficult  tu  weld  then  ANft  4910. 


Fa  0  B  H 

0.50*  6'.T5*  0.05w  0.015* 

(500  ppm)  (150  ppm) 


T1 

ramaTn^ar 


fo*2g*f'.XLlTYt  PrcVimirery  hateriaia  Lav  si  op  event  f  ratory  data  Indicates  that 
successful  Joints  can  ba  produced  with  A^.  rase  ur«*l:ig  alloy.  Praseabllity  in 
general  should  e#  similar  to  that  of  A~110 


Ch»hIi*L  i.n-'f  A.i’riio 

CO*ko*IOj»  -\.a:  uenerel  vorrosiott  ra^i  starve  a  is  a><;U«n«..  subject  to  stress- 

corroslor  criuli  “-an  expo* ad  unusr  strasa  to  halocan  c  o.-tel  r.li  u  atrosj  hares  at 
tajaceietures  abova  i.  P . 


UxlLa»Ilw.«  itak*loTAAUl:  rtaaiats  oxidation  tenparet  jres  up  to  apf  roximataly  XCOO  F. 

6’-....ue-:  pariods  uf  a^resura  at  hl^har  tawparaturas  results  In  losa  of  riictliity  and 
detarloratlon  ol  sil  properties  in  &ane rvl. 
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CONriOff^TlAL 

watt  *  wMfTNinr  aiwcwatt 


WMA  C03 


afflBAfc  ixrofmnoy 


^kClPICATIOAi  Ft*  19D9 

COMKJAi  D^1^J.AXI0>:  Tl-5Al-62r-Wc 

PoW»  Bara*  forgings,  forcing  stock,  shent 

CokOlf  101;  Annealed 

K&J.I Itoi  PmalTICaj  Multiple  consumable  electrrxSe  mite-'  under  vacuum 

U40»4ftAjL  DeoChltTlOS*:  T1  -*Al-6Zr-5oc  is  on  alpha  titanium  silo;  which  is  not  hardenable 

by  heu treatment.  Alloy  la  applicable  to  jot  online  compreiflor  c opponents  vhicb 
require  good  strength  and  stability  within  dOG  to  10CO  F  range.  Compared  with 
PdA  1202  iTi-c*Al-lKo-lV) ,  alloy  has  lower  alavatad  temperature  tarsi  la  proparti** 
and  higher  craap  resistance  above  900  P,  anu  has  comparably  good  stability  up  to 
1000  Y,  Forgeability  of  alloy  is  similar  to  that  of  Ti-?Al-12”r  but  considerably 
poorer  than  that  of  PMA  1202.  Weldability  Is  roughly  corperahle  to  rUA  1202  and 
slightly  sure  difficult  than  A-UQA?  for  weldnantt  with  high  wold  joint  restraint. 
Oxidation  and  car-^i.jn  rasistanca  are  oos^arabla  to  tho.  of  A-110AT  and  1202. 

AT FLXCaT £ Ofc» f  Compressor  cOMponants  requiring  creep  resistance  superior  t>  that  of 

Ahb  4VU»  (A-llOAf )  and  f*  1202  (Tt-tiAl-Uto-lV)  within  U00  -  1000  P  tampers tura 

range* 

chwocal  cohrooinoh  (ko«iimi)< 

jA*  Sts  sr§  j?§  srfr  udfo*  ?rrV  o.wr  vssJrsw? 

(SOO  pp.)  USP  or.) 

HaATKAetfheitT:  Hot  bardeneble  by  heatrea t scant .  Generally  used  In  siag  la  or  duplex 

annealed  condition.  Seat  haatraatisant  to  data  for  optimum  combination  of  tai.  llo, 
creep*  and  ctebillty  has  been;  1660  F/4  hr/air  cool. 

FofiUi^BlLITf :  Difficult,  olstllar  to  Ti-7Ai-172r  titanium  alloy,  but  considerably 

more  difficult  than  m  1202  (Tl-dAl-lMo-lV)  ard  AV4  495>G  (T1-6A1-4V),  Usually 
forged  between  lo26  F  and  1700  F. 

MAChlfcABluXTY i  Somewhat  difficult  due  to  high  rate  of  work  hardening.  Compared*  to 
other  titanium  alloys  *r4  slightly  more  difficult  than  the  austenitic  stainless 
stasis. 

ifeLCAFl^lTY:  ko  ihiA  experience  to  data,  rubllshed  literature  Indicates  that  ductile 

welds  with  good  strengths  are  possible  by  techniques  jsel  for  A-11GAT.  For  s  given 
weldswnt  involving,  Joints  of  moderate  to  high  restraint,  alloy  ’ssy  m>rs  difficult 
to  weld  than  A-llOPT  or  Tl-oAl-lFo-lV,  For  stress  rwllsvin^  hast raa tracts  retired 
for  lsrba  or  complex  weldments,  consult  lesltn  Metallurgy, 

Cgf^hiCaL  fh-WytC 

COMOtlo*  usiauaoii  Man)  Hrraln  u  ,xooUM»t.  Subjont  to  Itriii 

cofTMlos  «»»**1«*  •*•»  .ipowt.  luxtor  ,tr.„  to  hmlatm  eonUInln*  itKipMm  at 
M*wnturM  iMn  MO  F. 

(ttlMTIOB  IKIISTtIKBl  .'«*>.r.blo  to  no  1*0*. 
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eONPIOBNTIAL 

MATT  ft  WMITNftV  AlftChAPT 


/NS36IS  AMS  5504  AMS  MW 
MUt 


•Mcmwnofti  am  mu  am  tno*  am  smx 

AfAIUSU  POMi  Sti-j.  for, lag*  Shoe*.  Atrip,  SwaliH  tubing 

ptaU 

COBtniMi  Aar!  got  and  a  old  flalahad,  An  Ml  baa 
roiyli|ii  A»  ordarad 
Ihooti  Annealed 


C3VOI  M3I0«ATI0*i  AIAl  Type  410,  AAA  61410 

MD1IB  mCTiaii  Gamma iiy  air  Mltad  In  alaetrlc.  'urnac* .  Yaeuua  aaltad  and 

Tatuum  teftiHd  antarlala  era  available  for  epaclal  applications. 

a  Kuril*  (.  Mac  II  prior  I  AISI  Typo  «i0  la  a  anrtaaaltlo,  eorroa*'>n  raalstant  ataal  uhleh 

1*  keat.es  table  orar  taardnaat  rant*  of  lb  90  •  In  44.  straaa-mptura  and  eraap 
ott  ..gtba  of  alloy  ar*  luf • . ler  to  tboaa  of  Oraak  Aaooloy  (AM  M16,  A  M3  6603) 
uhon  haatraatad  to  hum  hardaaaa.  Yield  strength  of  alloy  la  eoaptnbli  to  that 
or  Oraak  Aaooloy  ( cans  bardnoaa  loral }  at  ta^araturaa  up  to  apirozloataly  600  P, 
but  Inforlor  at  higher  teiyc raturaa .  Porgoablllty,  ■aehloabllltt ,  and  weldability 
of  alloy  ora  slightly  auporlor  to  O.ook  Aaooloy.  Oonsro'  corrosion  roslstsnee  of 
alloy  It  stqtsrlor  to  that  of  lew  alloy  atoola  and  ecAporabls  to  Oraak  Aaooloy. 
toon  tOM*r*d  within  TOO  -  1100  P  rang*,  alloy  It  ouaooptlblo  to  stress  corrosion 
creaking.  Oxidation  real* banco  of  alloy  la  good  up  to  approximately  1000  P. 

APPLICATIONS:  A  wldo  oarlot;  of  atructural  porta  Mt>lrU|  Moderate  to  high  *  treng  th 

and  mot  ratlotarao  ot  tsaporaturos  up  to  approxlantoly  MO  P  and  whlah  night  require 
Molding  or  bratlag.  Alao  uaad  Mfaara  low  axpnnalon  la  daalrobla. 

CHM1C4L  cowosirioa  (Mini)  I 


ttW  i$f*  bHs»  ftr*  fir  c^r  c?8s»  irnr>  ios*  s» afore 


UATMKATMRs 

AuAtanltlaai  1750  -  I960  P  for  i  -  h  hr,  air  tool  or  oil  qutnah 

Tuptr  nn|«t  900  -  1960  P  for  9  hr,  ilr  cool  (So*  *Ho  rdnaaa  ti.  To  forint 

Tamvotu ro*  eurro  for  apoalfle  htrdnoa*  lavols  tad  tanp«raturt } 
Promt*  uumIi  1800  -  1400  P  for  1*8  hr.  air  tools  typical  hardnaaa  -  Bh*i  185 
Pull  oaxnt.Mli  1550  •  1860  P  (1  hr  por  motion  laths,  format  cool  to  900  P,  air 
tool j  typical  hardmaa  -  6hn  166 

*Qm*AbJ  ITT i  Handily  forged,  nor*  anally  than  AW  6olS  hardaoablt,  oorroaion 
rati a toot  atttl.  Uaual  forging  taaparatur*  rang a  la  2150  -  1500  P. 

POfiWBILXTTt  Pair.  Kor*  dlffleult  to  fora  Id  a  two  lad  ooadltlon  than  tha  auatanltle 
otalnlaaa  ataala,  but  Kart  anally  fomad  AW  5606  tuirdamblt,  oorroaloa 

raaiataat  ataal.  "Xn  proaaar"  rwa>l«  ■/  .»  auaataary  dapaodlng  upon  dag  rat  and 
aatura  of  fomiag  opart  t  ton.  fa  vara  dafomiag  opa  rat  Iona  ahould  ba  followad  by 
•tract  rallaf  or  anpaai. 

HACJUIA8ZL1TT  i  Pair  to  good.  Slightly  battav  than  AW  ogl§  hardanabla,  cental  on 
raaiataat  ataal  and  tha  auatan.lt la  ataialaaa  afeaala,  Optima  condition  for 
mtlalM  la  and  tan^crad,  ar  anoaalad  and  told  vortrad  to  hardaaca  of 

ftfcfl  800  -  260. 

iJt LIABILITY s  Pair  to  good.  Can  ba  fatten  or  raaiatanaa  waldad  with  laa*  difficulty 

than  AW  6609  hardanabla,  aorroaloo  raaiataat  ataal.  *l*b  atrangth  aaaaWllaa 
ara  actually  aaldad  la  tha  annaalad  condition,  anc  tubaaguantlv  auataaltlaad  and 
ta^arad.  Pualon  valdlag  la  utually  dona  a&th  flllar  natal  of  parant  natal 
chamUtry;  uaa  of  auatanltle  typa  flllar  natal*  if  parnlttad  ahan  hardaoad  datulla 
ara  to  ba  Joined  and/or  **16*4  joint*  hart  low  strength  n*aui  , 


2MC  NO. 
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CONK0KNTIAL 

»**att  ft  wnitmcy  AiftCft*rr 


AMS  3613  AMS  5304  AMS  5591 


(cont.) 


BRAZdABIUTYi  Rat  illy  braaad  by  all  nathoda.  iiuabUtt  fold-nlctsl  br*>ad  par 
f»  If  or  ailsar  bra  sad  par  in  8666  My  Da  bardanad  In  tha  brasln*  eyola. 
Coppar  Draaiof  par  AM  #671  should  ba  rollovad  by  aaparata  bardanlnc  and 
taqparlM  oparatlooa.  Strata  rallaf  or  tjipar  haatraataact  la  raqulrad  aftar 
AMS  2M6  allaar  bratloft  and  fold-nlekal  braalngi  no  baatraataant  nacaaaary 
aftar  an  2665  tllaar  braainf. 


cmpneaL  mop«mn 


COHhOalOK  RddlSTABCS:  Oanaral  corrosion  raalstanoa  ot  alloy  la  auparlor  to  that 

of  loo  alloy  ataala  but  la  lnfarior  to  that  of  auatanltle  atalnlsaa  ataals. 
Corrosion  raalstanoa  la  raduoad  by  azpoauraa  to  taaparatkraa  a  bora  300  P; 
bardanad  natarlnl  baa  baat  ovrroaion  raalstanoa  vtian  bsatraatad  par  PVA  IP. 

Alloy,  Ilka  An  MM  (Oraak  Aasoloy),  la  ruaeaptiolr  to  strata  eorroaloe 
oraoklna  uhan  tiwyarad  vlu.la  TOO  -  1100  t  rant*-  for  t  sapor  Inf  taapara turaa 
up  to  700  F,  An  MU  and  in  M16  both  hast  aqually  food  strata  corrosion 
.  >slstanasi  at  aqual  atranath  lavala  produoad  by  ta  Karina  a  boss  1000  T, 
an  MU  la  aaamhat  Inf  trior  to  An  Hit. 

OXIOATI 01  nmsnUKki  Slightly  Inferior  to  An  M16,  hardanablt,  norroalon  raalatant 
ataal  and  aubatontlally  auparlor  to  low  alloy  ataola.  Resists  oxidation  at 
to^ara  tuna  a  up  to  approx  1m  to  ly  1000  t. 
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PH  ATT  ft  WHITNEY  AIRCRAFT 


CONFIDENTIAL 


AMS  5616  AMS  5506 


HSSLiEattna 


SMCXTICATIORi  IK3  MU  AM  SoOd 

AVAILABU  FORM)  Bare,  ft**li*»  5hMt.  atrip,  plat* 

COMUTXait  Bari  AanMUd)  Mm  311  w 
Trr*ia*ai  A*  ordered 
Sheet i  Annealed 


CCHMO*  DOlaiATiOai  Meek  iecoloy,  OnUoy  1413  I* 

MttlM  PBACTICSi  O*  no  rally  air  aaltad  la  alaatrla  fumaee;  however,  va  cija  welted 

and  neuna  degsveed  *»  twri.lv  ara  arallabla. 

aUBtAL  DSSCAIFTlOli  AMS  mu  la  a  mrtanaltie,  earroalao  raalatant  ataal  who*. 

atraoAtb  at  elevetod  teapereturet  la  ent.nced  by  addition.  or  nltkal  and  tung.ten. 
Allay  la  kaatrnatabla  oaar  herds* •«  rang*  of  Re  Bo  -  30.  Steeia-rupture  and 
oraap  atraajUa  of  alloy  ara  aoparlor  to  thee#  of  AW  MIS  (AISI  Typo  410  ataal)  but 
Inferior  ta  thoaa  ef  AM  4738  (A-886)  and  AM  0304  (low  alloy  ataal).  Forgeability, 
aaahlnablll  ty,  and  weldability  of  allay  ara  allghtly  Inf  art  or  to  AM  MIS.  Oa-aaral 
oorraaloa  raalataaea  of  allay  la  auperlor  to  that  of  low  alloy  ataala.  Itatarlal 
tamarad  within  TOO  -  1100  P  raaga  la  raaoaptibla  to  eir.ee  eorroalor  reeking. 
Oxidation  raalatanea  of  alloy  la  good  w  to  appronlaataly  1000  F. 

AfrUCATlOni  Fart  a  requiring  eraap  atrangth  and  teaperlng  raalatanoa  auporlor  to 

that  of  AM  MIS.  Deed  priaerlly  for  toavrataor  blade*  and  aanaa.  turbine  dlaca, 
nut  a.  holta,  and  nlaaallanaoua  atroetura.l  parta  axpoaod  to  tam>araturaa  up  ta  1000  F. 

ch»a c*L  COMOSITIOH  (loalmDi 

ittW  A  9rs»  ^s»  ft  .  64*  575.  •  ftHs*  §7B*  O.Ofc*  rwktinSr 

*Kkxl«ai 

HZUTKfiATHttT: 

Auatanltlsa :  175C  *  1860  F  for  }  hr,  Air  or  oil  quaocfc.  Through  hartenlr*  atlalnad 

Is  Motion  ilt>*  up  to  Approximately  3.0  Inc ha*  by  slthar  atr  cool  or 
oil  quaeoh.  Lorgar  altaa  roqulro  oil  quoneh  for  aa.  jrisam  hardness . 
Tiqpcr  rang* i  460  -  600  f  and  loop  -  1850  F  for  8  hr,  air  cool  ($♦•  *8ardna»s  vs. 

Tampa ring  Yasg>ar*turo*  cotta  for  •pacific.  hardnact  larai*  .,.;d 
taaparuturas ) .  Doubla  tanpar  or  cold  troataart  racoamandad  for 
parte  hardanad  to  Rc  46  -  60. 

frooaaa  anoaal:  1600  F  for  1  -  8  hr,  air  oool;  raaulting  bardr.was  Bhs  . 

Full  anoaal t  1460  *  1600  P  ( 1  hr  par  aaotioo  inch),  furntr*  cool  at  50  p/hr  to 
900  F,  air  cool i  raAultlng  hardmaa  Bhn  F* '  -  2Tf 

FORGEABILITY ;  JtaadUy  for*ad;  slightly  mora  difficult  than  AKS  6415  AISI  Typa  410). 
Usual  forg In®  tar;  sratura  rang#  8100  -  1760  F. 

FOBJiajULITTj  Fair.  Mora  difficult  to  for*  in  amatlad  coedltlon  than  trtnaalad 

A*P  6604  {AI*I  Tre*  41Q)  and  auatanltic  atalnlaas  vtaala.  Doat  not  wart  ha rda»  «• 
rapidly  aa  aortaaitie  ataialaaa  ataala;  bowar«r>  intermittent  j.roeoa»  *nr.**ia  may 
pa  rtacaaaary  dapandlng  upon  da  era#  and  natura  of  forsdag  oparatloe,  Full  aonaal 
raon— a a  nil  ad  after  aavarr  daforcotloa* . 

MACMIiABIUTYi  Fair,  li  alter  to  Ua  auatanltic  ataictesa  steal*  tut  slightly  infarior 
to  AM6  v-old.  Fully  anmaalad  condition  la  optimum  for  ing. 

UEffU ML1YT i  Fair.  Can  ba  fuaioe  and  raalatanoa  waioad  tn>%  with  m?>ra  difficulty  tr*-r. 

* H4  5604  (A15Z  Typa  410)  4m  tc  Ita  highar  hardaoablH t jr .  Air  hardening 
charaatarlatiea  of  alloy  aacaAflteta  port  wald  ifrsu  raMaf  within  raaaonably 
Abort  t 1  m  aftar  waldlns*  Maldmaate  raqulring  high  strangth  should  M  jolnad  la 
aoMalad  condition,  and  subAaqucntly  •iuis;dtlt*4  and  taagarad.  Flllar  natal  **f 
para  at  aaatal  coapoaltlo*  la  rteniMid  for  Mgh  atrangth  val-fmants . 
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AMS  56»  AMS  5508 


a«Bwi  imnmnoi i  i«»t.> 

MUHMIUfll  Inlllr  bm«l  by  all  atthoda.  Almbllo  fold-nlobal  braaad  par 
m  W  «r  t liter  braaad  Mf  AW  SMC  ■;  b*  hardaoad  1'.  tha  brails  oynla. 

Cop  par  braxlaa  par  UB  **T1  ahmad  ba  rallonad  by  wp<nt<  haiaanli*  ar-d  tw^wrli* 
owintiau.  ItfiH  rail -if  or  taptr  baatraatamt  la  raquirad  art ar  tie  HUM 
allaor  b ratio*  and  (old-Blaka i  bratlo*;  no  haatraa  tract  aacataary  artar  iKj  »MS 
tllaar  braalaf. 


awcctt  wpiwnts 


li 

1 


canton CT  UST«SUKI:  Oantral  oorroalon  raalatmaaa  of  alloy  it  t<v#rlor  to  that  of 

l«a  allay  ataala  but  la  laf t rl or  to  Mat  of  aaataattla  a  total***  ataala.  Corrotloo 
raalatanaa  1*  radaaad  by  atpoaarat  to  taaparaturaa  aboaa  800  8;  hardaaad  notarial 
baa  boat  corraaloa  raalatanaa  daa  baatraaUtf  for  IW  IS.  alloy.  Ilka  *»  Mu 
UXM  Typo  *10},  ft  auaaaptlbla  to  t trait  aerraaloa  craaklr^r  kwi  taaparad  attain 
TOO  •  1100  f  ran**.  Far  t  tap  art  a*  ta^arataraa  ap  to  TOO  F,  a*  MU  and  a*  Mia 
both  hat*  actually  moot  atraaa  aorroalaa  railtUtMi  at  tonal  atraaath  latala 
produoad  by  taararifl*  aboto  1000  F.  am  Mid  1*  If  aha  t  bat  tar  than  DCS  MU. 

OSlOat. lUBISCtXSt  Sli*htiy  battor  -ban  a!St  Typo  410  and  aabataatlally  roparior 
to  lot  alloy  a  taolu.  Satiate  oxidative  at  t»«*sar*tura*  up  to  apprctiaataly  loco  F. 
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tfscmokfiaosi  am  mo  ue  sw  am  »7s  a  jo  mas 

IMMi  ftNl,  UwUu  tttldtd  tub  log  ten,  foralagt, 

»trlp  MtchtJilcaX  tubing 

CGKtftJOB*  Aoistita  bMtmtei 

CMX  MlXfiUnaa i  Tffm  IV  lUlaUu  St*  Aj  A 151  5«lj  SAS  303*1 1  tl  iUbIIUM 

IS- 9  IUla.*u  tu«l 

Mifi»  mcncti  Ku*u>it  ruratn,  «ir 

OttMi  DOTCIimOKi  AIAI  fypt  3*1  It  •»  ' A-4  tfjm  iiuUaltU  tulaloi  iu*l  with 
tltMlw  itelttoM  vbj  cA  iUbUlt«  tM«  « 11 07  UU^pm.mLiir  ctrfeida 

KetfluUoa  tad  tafcatq'Mrt  aarwaltt  tttae*.  Alley  it  not  h*rter»bl«  by 

tmfint  t*l  It  om4  la  to*  a  alutlar;  eo&dltlaa  far  *B*lJ*ca  corroftoo 

mUtfinc#  aaJ  dua till  ty .  Alloy  It  within  mjh  gaotral  ttrangth  cattgary  a* 

AIAI  .MO.  ;'•»  tad  547  ‘lutttaltle  ttaloltt*  sum. It.  Fuma  brotiiv  rtq-  '  ra* 

•facial  ««MlteriU<a  but  othtrwlat  ftbr  loot  lot  It  rowdily  ati&ltttl  by  procedural 
m4  cat»>*t  *.o  tti  w*  t  ia Baltic  ttalniatl  tta*lt.  Attlttt  j*J  detion  it 

t  toy  ■  at  taunt  t  «qp  «  >  U00  F  tad  it  llkt  A 151  £16  tad  £47  to  t.lli  raopaet, 

bat  it  1  of  trior  to  1151  5:0  ti  d  Xotoml. 

AF FL2GAT 1  OH  1  Fart*  requiring  oxlfetiao  tad  corroaloe  ratlttaaca  tt  taapavaturtt  op 

tt  tffmintelr  1300  F;  utafu 1  ottl*  «*wrt  apwttii^  ttrotto«  art  low.  For 
uMUta  ftArlaattd  by  brat  tat  «**  talking. 

com  c»r«mcs  (teiMU 

crW*  ifo  ^s}^rr 

Mu— 

OUMMlTi  tot  tmUmmll*  thma  Minium 

Solution  <f*ii  MUMtl )  1  1750  -  I&AO  F  for  i  to  1  boar  par  tactics*  Inch;  coj’  to 

bait*  tejO  F  la  laaa  Utar  3  tiatut. 

Solatia*  haaUatt  ateaat  at  IftS  F  for  7  -  1C  clcuta*  tf tar  at vara  r 3rulni  optratlooa. 
atapita  Tattoo  at ldaaett  at  it£t?  F  for  l  boar 

FGiCSAAIUTTi  Aaodliy  forgad.  Csuaily  fa.f.4  *1  thAc  tKw  -  1?0C  F  ^c|» . 

FOdFASIlfTT 2  Ihatt  c&a  ba  boat  iaO  bag  trovad  t  dlaottar  equal  to  Itt  bMcfcatr*. 

Ixoailatt  drawl  aa  tad  tpiaelag  charattarif tict*  Solution  htatraai  at  1  ?  fir 

7-10  tiocui  af  tar  raaara  wrt*^  &p«i«tiee». 

UtaihA^IUTf i  litiAlt  stif Tirol t  dot  ro  high  rata  of  voft'M.'dvalqj.  Slightly 
aaptrlor  <o  that  af  Zaeoatl  or  Ntatalloy  X  aitkai -bata  eAioya.  Ra-quiioassitt : 
rigidly  tapper  tad  wit;  a*£«rtc«ly  ground*  Algol*  Morptwd,  rigidly 
taalaj  pcilllw,  f ora  f**4;  paoiti**  chip  mtnl)  tAaqtMta  with 

talplMri»a4^b«aa  ->ila  -  Ict  ^MUr 

Saodlly  ratio*  or  satista amrn  «*l*ad»  Fliit*  Mul  ef  ASM  547  c~**w*l  Mor 
atao  fw  ftaloo  waltieg.  larga  or  v>«t44*  *>a  1  Aa^ t •  na^oira  atra^t-eaUaf  at  1?0C  r 
for  '  :*dr.  Mac/  fti!—  albwoU  aad  rat U**^*  aiteatli  »*f4  f»t  ta  *{r>o- 
raU«T*d.  "" 

Nte *14 MUTT  1  KaaAily  firatad  ^  th  «ilv«r*  <9pfmr,  oietei,  a*d  <sii-n.UA«i.  PMrrsti* 
br«* lag  la  hy^rogaa  at«a otgteara  toe  faaa! bit  u.\i«»a  partr  *<;  >t  >ra ua  art  tlrwl 
plttad.  Ae  ttrata-rt lltf  rtq^irad  afVar  knii'.tR. 

Cva^dT  .  (X4  .'wt3^3?AJBC,5 '  t  r*ti*taoea  l~  Vurbina  c  t^*rr*ra* 

tt  t  MtBti t :- m  ap  la  r ptrojii«*taiy  f.  ■Atabt  i *.  sad*  ^y  lU^slat  ' 

loiargramiar  -,^ntfot  xafbltt  ir«clf{tetUa  :r.  tht  r*csga  *>"  -  F, 

cafrctlae  ***H<*«n  cf  par-.*  raatitt  j'4  aftar  prar«»>lag  :r  Me*  i» 

'tel  ratgt. 

CSLSStf5  '•S  0v-«j  tl  t »>V« fa  i>n •  iy  it  dy y»r «i  at X*Ay  1A^X'  f,  Cosfj- «ra-  Ja  lo 

*’  |  Aid  ud  5*’  MkClt^UW  fU*U,  i;  *  ’ '- 1  fS-  »UUU»* 

ttsal  tad  l?  ‘  i>al  sirJtl-fcnit  tliry - 
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AMS  »W£  .4*5  5371 

AMS  »75  AMS  5"  16  FAR  770 


i 


i 


I 


i 


I 


l 

i 

1 

I 


'* 


( 

i 

t 

\  • 


specific*?*  aw  i  a*  Ssi2  a»  wn  a«  &v?s,  m  r?o  aw  s>©4* 

POHXSi  ShMt,  •trip,  Saanlaai  tubing  Mai dad  tubing  B*  « .  ?i?rc'^*i 

pi#t4f  fMcKAnie^l  tubing 

COkCITlU* j  Solution  AMt*tAU4 

COJWQ*  QfcSJOHfcTlOfcSi  Typo  !Ulnl«M  Staai:  AI3X  V?;  SAR  20547;  Colunblu.^ 

Stubllir-fi  l»-«*  Stainlaas  Staal 

ItttTX*.  HUC71CS:  lUctr-c  fufMC^  «1.  Milt.  Induct:  an  and  c:>n»ua»t>ia  alar  trod* 

VACUUM  M )  *#4  . 


5S3XBAL  WSCrtlFTlOS:  AlSI  T ypa  347  la  an  io~*  typa  •uitsMUc  atalnlaaa  ataai  ir;  vftlch 

addition  of  c-3luj*rlu»  AUtUlMi  Oktarial  againat  if'.tararaftular  earbida  praclpi Utlon 
and  aubaa^uaot  corroalva  attack.  Alloy  la  wot  *»  r^anafcla  by  haatp*at»*wt  and  i»  u»#d 
in  Um  aoiutlon  haatraatad  condition  for  aarlm®  corroatoo  raaiftanca  and  ductility. 
Alloy  la  wltfcln  aa*»  ganarrl  atrar^tfa  eat «?ory  as  alSI  31a,  3?1  and  31C  auatanitl: 
itaialaai  ataala.  ftaadlly  fabricabia  by  roaaduraa  and  tachni$vAi  to  nthar 

kMiUoltlc  atairuaaa  *taal«.  Kailata  ox.uatioc  at  taaf>ar%  tu^aa  up  to  a>^a*o*!a*t*i; 
1600  t  and  la  ilka  a*S2  31©  and  151  In  tivia  raapact,  but  li  Infarior  to  A ’Si  ?1C 
and  lac  ana  1 . 


AFbvlCAl  *0*5:  For  corroalcw  and  oxidation  raalptant  paptp  o*-aratlng  unc?ar  Ion  atraa 

at  taMj>aratura*  to  1300  V,  ard  tor  »jaa**iiaA  rabrleatad  oy  orating  or  raiding. 

CilAKl Ca.4.  Cw^PcAITlOfc  (koaalaal): 

i§?3  it!c  rr*  o*  5^5  yrs*  irs*  rs*  :h-  ™£bxi 

*Mi:iMk 


PSkTatSATSar?  i  Sot  3ar*aaa-i.a  through  haatraatnarl . 

Solution:  IdOO  -  2*SC  t'  for  §  -  1  fcr  par  taction  *  ncfc;  •. ■' ->1  to  tal on  oOC  K  in  lata 
dan  3  aiwUi. 

Solution  kastnai  ana  at  at  idSb  f  for  r  ~  i%l  airutaa  aft*;-  aavar#  Tc.'+X  a*  aparafona. 
5tr-aaa~ra  i  ifr*a  coaqrlaa  fuaicn  waldaanta  at  l?OC  r  Tor  ' 


r«etAMiITT:  HaadUy  forgad .  vtualiy  f  TTgad  v*atuaar.  2500  F  and  *700  F. 

FOdMA&I LIT! :  Shaat  can  t>a  bant  ISC  cag  around  a  ila»t#r  a^juai  to  it»  chirkna  •. 

it;  cal  1  ant  draaliv  and  ^iRrln*  chajai sari atlca.  Solution  baa  traat  at  1>^  ►  r 
7  -  10  Nintta*  a .  tar  aavara  fsneJr^;  cparatt--*o». 


SAC9t'l>A.e  1 U  r* :  Coa^ar?^:ia  to  that  *•’  alii  tyna  351  an-  tna  othar  auatanltU  at air.iaaa 

^ a  *aia  ar. :  *litfciiy  auparior  ^  Ino^rvai  anu  •kajtall.ia  t  -*-!ta;  ;«i«  alioya.  ?** 
pa^a  3.1.  Aoa^-migna tit . 

yr-r  i :  .'taadlly  fuair-c  ra*l*'.a-jca  wai-^ad.  Fiiiar  natal  .'-f  ?«n  -  aatai 

eouipciitlon  «a«e  for  :^ai'  aaici^.  rc  np  *  isjant  a  ba 

railanad  at  l?O0  ?  for  1  ..■«■.  r^aion  »nli*a;'ta  ar.d  raalatanta  ail 

oaa4  not  t-a  atraaa- raiia^* i. 


it,  ^  ta.V3rI  LITY :  madily  br**a<J  w!  US  ail  tar.  .oprar,  alraai.  ar.r,  goid-rickal .  Ac-  ttra«»- 

ra.-ar  ^  *lr*d  af;*r  5M«r  aatarial  -AiSI  34  M  1*  nar  >«aar-3ad  for  u»a 

ar«  Tut  nr  a  L-t «  i  s>g  l  *  ?a| i  rad 


'I 


C^aunw^il  ST* ACS:  S.ieaiiaRt  raalaia^tu  in  <•*  turcica  ang’na  a t^ap-^ra* 

ti  Lamp  »r«tur<  a  ^  w  iff:"  ?ln»valy  le-CC  F.  *  Jta'c!  \  i  rai*  by  ^ tati 

agsinai  l^uryPASaiff  '  -sr^M-Jua  e*rt-:aa  ?ra« i ‘  * ta t  =  r»s»  In  ?3*a  r*r^a  X\'  -  iv->C  *  < 
vr  w  a  .;  >i  t  t»«r-a  ;X  rarii  r«aa  i  r.r*  i  -'  r<5  A  :  tar  rrc-tra* ‘try;  -?  >?*r.  l.'t  i  r. 

-.>«  t  ra  D^  a  . 

4H*Ti<A  Ai'.STa^.S.'  - .»d  at  '•  >a6^Faturaa  u;  *v-'  ;&•->'  -.  C -■•«* a r% s- i a  i  >  Al  ?  ;  M«*  aM 
31;  •ta'n.aa?  Vvt  l»rari-7T  Tc  an'  i!*r  3iv  . 
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AMS 5540  MAS 3890  AMS9865 XM39©? 
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fiasn&ki^aittSM 

•tcsmchfioii 

•n  tno 

km  <Hf 

m  ;oeo 

(Ul  *SM 

km  8407 

rotsat 

tbaat,  tirly, 
Plata 

Eaoaalaoc 

Sara,  forging*, 
woldod  ring* 

Wtra 

cofinmoai 

iSBMlOd 

Anatcalod 

aitultt, 
hot  ciulthod 

Alu.ao  lad 

COMfig  fUIhlUTiOhi  loooawi 

ttUXa.'  TMCT  '•«  loduotloo  furaaro,  iir  ni.ul 

OCRRHU  D*»:ai,sS3*i  iMtrji  U  &  nickel  Mt*  alio/  riabiy  »n»,ei  prlnurlly  wita 
aaroaiub.  Alloy  lc  noa-xerdosoM*  By  ht.trortaae,  and  la  aoad  in  ao.'utloa 
boatman.’  («sn»**la4)  condition.  Hold  Itrantth  of  alloy  la  rattinad  ,vs  taspotntwaa 
up  la  about  110f  F.  Miriams  ylald  ttroagtha  at  1COO  ?  and  1*00  7  in  81, 0  Itai  to* 

(.0  tal,  maptotiaoty,  mrlHua  too  hr  atrata-ruptura  and  180  Sr,  0.8*  area;  atruugtfta 
-if  alloy  -.t  lffO  P  an  4,'i  k»i  and  8.8  kal,  rsapoctiarly.  Ylald  and  jraop-rvplw* 
ilrcrig’  ,  of  alley  ara  coopa  rabid  to  thota  of  auatonl'.ls  ateinlaca  i.taeia  and 
lrf*,  .  r  to  ttwao  of  Haatalloy  X  and  !^Mf,  Pobrlooblltty  of  alloy.  In  janaral,  la 
siadior  i .  that  of  ttao  auatanlUo  cttlniasa  atoala.  Oxidation  roaisUboo  of  oliry 
la  auparior  that  of  tno  aaataaltla  ttoinlaaa  atoala  and  l~«0S,  rut  a  lightly 
Inferior  to  .oat  of  Meatalloy  X.  Coaroolon  rotlatoae*  la  axeallant. 


cdVUML  COWOSItlu*  (Soauealf  j 

0?iw  iiF* 

fe  fe 

■OS 

MX 

& 

MX 

8“? 

MX 

O.Sl5 

MX 

rawa 

MX* 

*Apwlioahla 

to  1060 

only. 

■KxTUUTMMTt  annaal  ibolutlon)!  1888  P  l  It  far  *  to  1  hr  -  air  oool,  forging* 

laoj  p  for  .0-18  win  .  air  oool,  rbaat 
Straaa  rallaf  i  1*00  -  170C  *  1  ■>»  i  hr,  a!r  tool 
Optloun  hoatrea*-  *.**  for  flood  fornrhlllty  m«  1300  P  tor  10  -  18  nlaito*  foiliwad 
By  air  aool  rr  for  auaaral  aaaocJa.  ,  raa  (rain  alt-  produced  by  aaeatalee 

tlnaa  at  1*00  .  abuwa  rtaulta  la  faoneara  . -  ’’old  strange!,  and  ductility,  ill 

ha.troatlng  of  ..."t  ahould  bo  pa-  “o-,-w>d  to  sulfu.  -froa  atnoaphwraa,  Alloy  roal.ia 
bright  annaailnr  .  tricing.  aol  oai  irljln*  atwotpharat, 

POBOgXBILmi  Oaual.y  forbad  la  taat  jra  rtnfls  of  *180  -  1760  P. 

PORNtblLITYi  0C 3d,  superior  t',  Isatolloy  X  and  auttonltie  atrlniaca  atoaia. 

High  rata  of  work  hardonlng  rapulrts  lntanwaclati  tanoala  .'or  tororoly  formal 
porta . 

mctuhtCLlTYi  Difficult,  tlallar  to  Baatol:oy  X  and  aura  dlffluul  than  candor 
auatanltlc  atolUcet  atoala.  Sulfur  Bawtng  cutting  'iulda  awat  oa  , w*  4  pri 
to  fiaidtroataonl  or  high  to^oroturo  «oj.»l.o. 

MtlMBlUTYt  Raadily  waldad  la  aolutlr-,  baatroatad  condition  by  fualon  ar.d  rralotar.ro 
Mcthoda.  Pillar  aatal  of  paront  natal  soapoaltion  uaad  for  fualon  wal.t,  Coagiiat 
fualon  valdaanta  ra.u‘19  poat-wald  atraaa  rallaf, 

SHilUUBlIJTYi  Can  bo  allrar,  crprte,  and  gold -nickel  brrtad  without  port-bran,  atrtet 
rallaf,  runu  a  braaed  atoaobllae  ra*ulra  uaa  at  TVk  1060  Ifuruaj*  orating  quality 
antarial),  Era  tad  datalla  ahould  ba  In  aolutlan  baatroatad  condition  or  atraaa 
rallarad  prior  to  bratlnf. 


gBa&kisgLBias 


C0M0SI0E  XKdlSTAECli  Saoai'ant. 

OXiOATIOE  fUtdlSTadCKi  lacallant  In  aulfur  fraa  •'aorpheraa  at  taoparaturae  uo  to 
8000  P  and  In  aulfur  ataoapbaraa  19  to  180C  P.  (uparior  to  auatanlt’r  atainlaaa 
ataal t  and  fl.606  but  allghtiy  Inferior  tJ  toatalloy  X, 
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saiteiiB^axifli 

«*iriMMl  AMO  433*  AM  S7&4 

AYA1U  SIS  FOBS)  Sheet  Bars ,  f orglnjo 

ccasinoii  Solution  tMU«ut 


flotac*  a**iG.A?:c*3i  DuitUtr  s,  enstoiioy  Alloy  z 

KOJtXK  fUOtXCXt  Slestrlo  furnace,  *ir  mlted 

OKnOUL  BBSCMmiMh  AM  sa>*  is  a  nickel  t>*M  alloy  flee.:;  alloy**  primrlly  with 

ohroulc*.  Allay  li  essentially  noct-bavdonabie  Ay  heetreacaent  and  la  norwally  used 
In  solution  *teatreated  condition.  Precipitation  occurs  le  alloy  during  long  exposures 
ttltlfctn  ts^erotur*  rang#  of  1800  -  i #00  P i  howeaer,  subsequent  tneraaaa  In  hardness 
also  decrease  la  ductility  apa  tolerehlm  in  »o  far  aa  performne •  in  service  la 
doaaerned.  Wnlssns  yield  stnor,tJu  rang*  fir-jf.  37. C  kai  at  OOP  P  to  10.0  kal  at 
16C0  ?.  Minimus  100  hr  etrese-rupture  stretch  as  '.  U)0  V .* ,  0.# t  one?  strength  at 
ISOS  f  ara  11.0  kal  and  S.O  kai,  respectively.  Yield  and  rupture  strengths  of  alloy 
ara  superior  to  those  of  A»  »»40  tlncooel),  AMS  3810  (A7ST  3811,  and  AW  5818  (ASS} 

347)  hot  invasion  thoaa  of  AM  0837  (b-g08).  Miry  forges,  form,  mchlnxs,  and 
weld*  with  slightly  wre  difficulty  than  auatanttlo  stainless  ataal i  oononly 
uaad  at  PM><  Oxidation  resistance  of  alloy  la  outatandlM  at  twaparaturoa  up  to 
8800  F  and  1*  superior  to  that  of  AMS  8310,  AMS  554C.  and  AMS  3337.  Corroalon 
resistance  alloy  la  excellent, 

APPLICATIONS i  Parts  requiring  Moderate  atranath,ani  excellent  oxidation  and  corroalon 

rcalatanaa  within  taigtemtupe  range  of  1400  -  8030  F.  Bead  primarily  for  intruar 
liner  parts,  turbine  aaala,  turbine  exhaust  waldmnta,  and  afterburner  parts. 

CBjrfiCAL  COMPOSITIOM  (SoaluaDl 

inW  sS?a  f?s  5?b  ?&  Ifcs  rfa  (dir  r.JILa.r 

* Kail  nun 

HIATSKAfKaf:  Solution!  8180  P  *  8S  -  1  hr  par  section  lech  -  water  Quench  or  rapid 

air  cool.  Resulting  hardneec  Rb  68  -  100. 

Anneal  (Procaaa  or  full);  Saws  as  solution  beetrestaent. 

Furnace  ataospharea  for  annealing  or  hatting  fen  f-ot  working  phouid  he  free  fron  sulfur. 

FOSOEASILITYi  Pair,  Usually  forged  la  tesgierature  ranga  of  8800  -  1800  t.  More 
readily  verged  than  is-806, 

POKHAEILITYs  Good,  Slightly  none  difficult  to  fora  than  austenitic  stainless  steals, 

Iki pending  jp or  degree  and  .lature  of  Corning  operation,  eerarel  in-proceae  anneals 
■ay  he  naosaaery  due  to  high  rate  of  work  hardening. 

MACdlMABILITYi  Difficult.  Slightly  store  difficult  to  Machine  then  auatcultic 

italnleaa  steels  and  Inconel.  All  traces  of  sulfur  hearing  outtlng  fluid  siuat  be 
restored  rlor  to  hoatraatmnt  or  high  teapersturs  earr lee. 

HKLMBILITYt  fen  he  fusion  and  resistance  welded,  bourn  thickness  and  naterlal 

oosfelnatloaa  offer  difficulty  in  raatatanca  welding.  Pillar  natal  of  parent  mstel 
eoepoaitloa  uaad  for  fusion  welding. 

BRA .".KABI LITYl  Hatdlly  brass!  by  all  methods  (silver,  copper,  gold-nickel).  Cold 

fonsed  details  must  bo  annealed  prior  to  brasing.  Post  erasing  stress  relief  not 
essential 


CigHICAl  PBOPggTIES 


OXIDATION  RKSISTANCM:  excellent  real  stance  to  oxidising  atnoepheree  at  teoperaturae  up 

to  8200  F.  heaiatanca  to  reducing  and  inert  stadia  at  teisrsrsturee  up  to  8150  F  it 
also  outstanding.  Superior  to  austenitic  stainless  steels,  Inconel,  end  L-806, 


C0FA0SIQ8  RESISTANCE)  Excellent. 
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MS  H«t 
rt«  ioii 
AM  UT 


AM  MAO 


AM  5588 
?*  10*3 
AM  MM 

AM  MM 


AMS9542  AMS  3982  AMS  3657  AMS  5668 
-  ■  J6MMgftilMS..9aW..Bpi«l  PmiOSS 

rm Mi  oovditics: 


Afaeot,  Atrip,  altti 
Strip  (ng.  saslbed) 
hn,  forging*,  rings, 
■  orilai  tutt 
kn,  forgings, 
forging  a  took 
Seaaloas  tubing 
Welded  tubing 
An 
sin 


Annealed 
Antra  1*1 
NquaUsvd 

Solution,  stabilisation, 
and  praolpitntlon  heetreated 
Antra  lrd 
Annealed 

Cold  rrduoad  IS  -  20$ 

Cold  raduord  SO  -  85 % 


COMMON  MflOSATXOMi  lasoael  X,  tneoaal  allay  1-750 

MtLTIV)  meric* i  Frlaerll;  induetlon  halted  la  alri  MA  1031  la  induction  or  oonsunabl* 

electrode  aaltad  tntdar  vacuum. 


018BKAI,  M3CSimo*i  I  as  anal  X  la  a  oickel-bese  alloy  which  haa  useful  strengths  at 

temperatures  up  to  1350  F  or  1500  p,  depending  upon  tta  hestreeted  condition,  and  naa 
food  oal Action  end  corrosion  rctlctcnec  In  (as  turbine  engine  atnoepberoa  up  to  1800  F. 
Like  tfcapaloy,  eubjaet  alio*  lc  unable  of  *  wide  raime  of  necher.leel  propertlee  which 
sen  be  opt  lulled  bp  appropriate  heatreataent  for  specific  open  ting  candltlone.  In 

Jenentl,  to nails  aad  creep-rupture  etreagthe  with  iSOO  F  age  fell  between  thoee  of 
M  58X5  (A-9M)  And  M*  1033  (laeonel  7X8)  at  teanereturee  up  to  1350  -  1100  F. 

Alloy  becomes  notch  eeoaltlee  in  ■ trace-rupture  after  prolonged  exposures  at  1100  - 
1350  F.  Alloy  le  weldable  but  with  eoneldereble  difficulty.  Machining,  forcing, 
and  foralng  eSeraeterlttlee  of  laeonel  X  ere  elmllar  to  thoee  of  Inooloy  9Q1  (rm  1003) 
and  Inconel  718  (Pig.  1010,  FtCt  1033). 

APPLICATIONS)  Farte  requiring  good  atrength  at  te nee ret urea  up  to  1350  F  or  1500  F  plus 
good  oxidation  and  corrosion  resistance.  Used  prlaarlly  for  non-rotating  structural 
parts,  non- structural  parts  (aprlnga,  aaala),  and  tube  ssseabllea. 

CHEMICAL  COMFOSrnOX  ! Nominal)  1 


ijS  H  7§1*  75* 


HXATKIATMUBT :  Heatreeteble  by  varioue  ooWblnetione  of  solution  and  precipitation 

heatreatnanta  to  comply  with  particular  applies  tier)  and/or  fabrication  requirement*. 

In  general,  for  parts  used  at  teaperstures  up  to  1100  F  solution  heatreataent  of 
'  185  -  1860  F  plue  precipitation  heetreet  at  1300  -  1400  F  provide  optima  properties. 
For  mrlng  applications  over  adan  temereture  range  higher  strengths  are  attainable 
throe*,,  cold  work  prior  to  preolpltetloe  heatreataent.  rerta  which  ere  used  st 
temereture*  abovs  1100  F  are  afforded  optima  propertlee  by  solution  heatreataent  of 
8100  F  plue  stabilisation  and  aging  treatments  at  1550  f'  and  1300  F,  respectively. 
Specific  hsAtrea'nentc  prorldcd  for  In  specifications  ire  *»  follows: 


AMS  5548] 
A M3  6583 
FI*  1031 
rax  io«j 


Kill  cnneAli  1800  -  8000  F  far  15-80  win.,  4lr  sool  (speclflcitlor 
condition)** 

Precipitation:  1300  F  a  85  for  80  hr,  sir  cool 


A  M3  5557 


IquAllssdi  1585  F  a  85  for  84  hr,  tlr  cool  (specification  ondltlon) 
Precipitation:  13:10  F  a  85  for  80  hr,  air  cool 


AMS  5658  Solution  haatrastvd:  8100  F  s  85  for  8-4  hr,  air  cool 

Stabilisation:  1550  F  a  89  for  84  hr,  sir  cool  or  furnace  cool  to  or 
below  1300  F 

Precipitation:  1300  ft  86  for  20  hr,  eir  cool 


AMS  5498 
(No.  1  tenper) 

AMS  5592 
( spring 
temper) 


Cold  worked  15  -  805  ( speelf loation  condition) 
Precipitation:  1350  F  a  85  for  16  hr,  air  cool 

Cold  worksd  50  -  653  (speoiriostlon  condition) 
fraolpltation:  1800  F  a  85  for  4  hr,  air  cool 


| —  700  -  1000  F  service 
| — HT  -  700  F  as: .lee 


C ild  worked  50  -  55$  (specif leetlon  condition)  ,  innn  ivlf.  „ 

Full  heatreataent  like  A‘6  5666  I - 000  '  i3°g  r  ,,rY10* 


Sulfur~fr«a  protaetiv*  Ateemhom  raooaMwndad  for  aoiutlon  hot  treating  of  *at«rtal 
which  will  not  bo  »ubi#qu*tttiy  nachlejad  oil  over. 


**Alr  ooollQg  aftar  aolution  haatraat  or  mill  snnaal  la  con»ld*rrd  adaquita  for  i»r«al 
•ujiaquant  haatraat  raapon •«;  vhera  optima  forwli^  charautorlaticn  i"a  doslrabla, 
oil  or  watar  qua no h  la  rao^anandad. 
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AMS  9642 
AMS  5686 


9C8fttL  ISPOMATVJS  {coat.) 

POJWSABILITYi  fair  to  food.  Similar  to  FViA  1003  (Xncoiay  SOX)  end  superior  to  that 
of  FM  1007  (Wespaloy).  Usually  forged  td '.bin  8250  P  to  1600  P  range. 

PORUtfilUTYi  Oood  forcing  abilities  in  annealed  or  solution  heatreeted  condition) 
ecagisrsble  to  PkA  1030  (Wespaloy)  and  FW  1033  ( Intros 1  718)  but  inferior  to 
AMS  3636  (A- 884)  and  the  auetenltlo  atainlaaa  steels.  Annealed  staaat  can  be  bent 
180  deg  around  a  diseeter  equal  to  ita  noalnal  thickness  at  room  tesparaturs. 

Solution  heatraat  at  lSSs  t  for  7  .  io  ninutea  and  air  cool  after  aeaere  forming 
oparatlona. 

NACKIMABILITYs  Difficult.  Naehiaed  with  same  techniques  and  degree  of  difficulty  aa 
FMA  1030  and  FWA  1033)  none  difficult  to  na chine  then  auetenitic  atainlaaa  ateela. 
Machinable  in  all  conditions)  fully  heatreeted  condition  la  preferred  for  flnlah 
machining. 

HSLDABILITYi  Dlffloult,  Weldable  by  either  resistance  or  fusion  Kathode.  Pualon 

welded  by  either  gas  tu<ggstsa>crc  or  inert  gaa  metallic-are  proeass  with  parent  natal 
filler  Material,  'raiding  by  any  nethod  la  gaoarally  done  la  the  solution  heatreeted 
condition.  Solution  heetreatneat  of  1800  F  for  1  hr,  air  cool  plus  precipitation 
heatraat  of  1360  f  for  16  hours  required  after  welding.  Coapereble  to  AMS  3588  (A- 286) 
and  FMC  1030  (Waapeloy),  and  sere  dlffloult  than  FMA  1033  (Inconel  71R). 

MAZlABIUTYi  Can  be  silver,  copper,  nlokel,  end  gold-nickel  braced.  Paying  aurfeoee  of 

breied  joints  should  be  nlokel  plated  prior  to  bracing.  Because  of  he* treat  complexities 
of  alloy,  special  metallurgical  considerations  are  required  to  ensure  atlred  properties 
in  the  finished  brass sects. 


CHEMICAL  PROPERTIES 

COHft OBION  KSaiSXANCBi  General  resistance  to  corrosion  in  gas  turbine  engine  atmospheres 

is  good.  Stress-corrosion  cracking  is  a  possibility  dun  subjected  to  certain  tensile 
stresses  in  the  presence  of  halides. 

(HUDAT10N  KBSISTANCli  Oood  resistance  to  ataospheres  encountered  in  gas  turbine  engines 
at  taeperafcurea  up  to  approximately  1800  P. 
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PWA  1009  PWA  KXO  PWAI033 

MBBMUt  iggamg 


sfsciriCATiGMt  m  looe  (Dev)  m  iom  ;d.v) 

M  1010  (Dev) 

PORKIi  lm>  fcvglwa,  waited  ring.,  Sheet,  atrip,  plata 

forglnt  atoei 

COTOITIOBi  m  1000  -  aolatloo  be. tree ted 

nil  1010  -  Bara  and  forglngi  -  aolutlon  and  precipitation  haatraatad 
Othar  form  -  at  or  lewd 

raft  103S  -  anaaalad  (1750  F  for  30  Bin,,  air  mol  or  faatar) 

C0M»«  DKSIQMTIOMSi  Xnsonel  710 

NKLliro  iHtCTICfi  Multiple  welting  utijg  vaeuuw  oonouawble  alaetro te  prooaaa  In  the 
mw.lt  eyole,  or  vaeuuw  induction  plua  eontumbla  alactrote  raiaalt,  or  vaeuuw  Induc¬ 
tion  wait. 

anBXAL  DftSCRirtloa:  Inmnal  710  la  a  baatraatabla  nlahal-baaa  alloy  which  haa  good 

•trengtb  at  taaaparaturaa  up  to  1100  -  1300  F,  and  good  oxidation  and  corroalon 
raalatanca  la  gaa  turbine  angina  ataioapharaa  up  to  approxlwately  1900  F.  yield 
etmngth  la  auparlor  to  that  of  FMA  1003  (Ineoloy  901),  and  rwa  1005  twaepaloy)  up 
to  1300  r.  Straaa-ruptura  and  0,1ft  oraap  atrangtha  arc  auparlor  to  thorn  of 
m  1003  up  to  1850  F,  but  inferior  to  thoae  of  PWA  1006  above  1100  V.  Weldability 
la  auparlor  to  tbot  of  laoonel  X  or  Watpaloy,  particularly  wbara  Joints  of  high 
restraint  arc  involved.  Alloy  for  gaa  and  aachinea  aoaawhat  Ilka  m  1003, 

AFFUCATICnSi  Fwta  requiring  high  atramth,  a>oi  weldability,  and  good  corrosion 
and  oxidation  raalatanca  at  tuqperaturaa  up  ts  1100  -  1300  F.  Particularly 
applicable  to  canprsaacr  ecapcnanta. 

CHUR  CAL  COMFO3ITIO0  (Isaainal)  I 

T§8JC  P  c?4  B”)  TBS?.  Tsfe  tHs  7BI55  TBIB5  B5"K  mmlndalr 

a  Maxima 

9ttS»Tmtl 

Solution:  1750  F  for  1  hour.  air  cool  or  ft* tor 

Precipitation?  1386  F  lor  8  hours,  furvmoe  cool  (100  F/hr}  to  1150  F,  hold  st 
1160  F  for  8  hours  and  sir  cool. 

Sheet  and  parts  not  to  bs  oecnlned  ell  over  after  hestreatasnt  require  a  protective 
atmosphere  for  solution  hea treatment. 

POROKABILITY:  Fair  to  good  characteristics.  Hors  rsadlly  forgeable  than  PUA  1005 

vWespeloy)  and  PMA  1008  (4atroloy). 

FOftNLBlLITYj  Good  f earning  shinties  in  solution  haatraatad  condition;  comparable  to 
FWt  1080  (tfaspaloy),  Shaat  under  0.050  In.  can  be  bent  180  deg  around  a  diameter 
equal  to  Its  thickness  at  room  teage ratur e;  steet  tMcknaaaea  of  0.050  -  0.167  In. 
can  Us  bant  arounC  diameters  which  are  twioe  their  thlcknase. 

MACKJBABIUITVj  Difficult.  Machined  with  same  general  techniques  and  dagrea  of 

difficulty  as  AKS  6668  (Inconel  X)  and  PMA  1003  (i*icoloy  901).  Machinable  in  ell 
conditions;  fully  haatraatad  condition  la  preferred  for  finish  machining. 

SUDABILIYT:  Maiding  is  accomplished  with  sub  general  techniques  used  for  Inconel  1 

and  Uaspaloy,  but  with  considerably  leas  eusceptabl llty  to  strain  cracking.  Fusion 
welding  la  dona  In  the  solution  haatraatad  condition  with  parent  material  filler  metal 
(Ft*  1081).  Full  heat realms nt  re commanded  after  welding  to  repair  hest-af felted  tone 
of  weld  and  to  aohieve  optimum  pro par ties. 

BfUISiiBIUfYi  Can  be  silver,  copper,  nickel,  or  gold-nlek*l  brased.  Because  of 
hea treat  complexities  ox  alloy,  apeelal  metallurgieal  oonsl derations  are  required 
to  ensure  desired  properties  in  finish#*  breaementa.  Faying  turfaoss  of  brased 
Joints  shall  ba  nlokel  platad  prior  to  bracing. 

ckswcai  rsofumn 

COfUtoslO*  RftSIMUCli  Oood  eorroeloa  reelatsnee;  .taller  fe>  that  of  lncon.1  x. 

OXIDATION  KB3ISTAKC*!  Oxidation  real.tano*  in  g.s  turbine  angtra.  .twnipher*.  t*  tooA 

at  taa^wtea.  up  to  1000  F. 
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AMS  9660  m A  KX)3 

ULN&HAL  Im-OHHATIOH 


SPEC IFIC AT ION: 

AKS  5660 

P4A  1003 

FORM: 

Bars,  forgings 

Forgings 

CONDITION: 

Solution,  stabilisation  and  -tf 
precipitation  heatreated 

Solution,  stabilisation, 
precipitation  hestrested 

! 
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COMMON  DESIGNATION:  Xncoloy  901 

i&LTINO  PRACTICE:  A  Kb  5660  forging*  -  consumable  electr ode  or  Induction  vacuum  melted 

bars  -  Air  welt  permissible 

PUk  1003  -  consumable  e  lac  trod*  or  induction  vacuum  melted 

GKN2RAL  DESCRIPTION:  AK3  5660  and  lti  higher  strength  modification,  PW*  1003,  are 

austenitic,  iron- nickel  alloys  which  achieve  opt loam  properties  through  combination 
he* tree t  (solution,  stablli ta tion,  and  precipitation).  Yield  strengths  of  alloys 
are  substantially  reduced  at  temperatures  above  1400  t .  3 t res a- rupture  and  creep 

strengths  of  alloys  are  superior  to  thoee  of  AMS  5735  preclp. nation  hardenabls 
steel  and  AMS  6304  herd enable  low  alloy  ateel  but  Inferior  to  those  of  PW4  1004 
(Waspaloy).  Alloys  forge  and  machine  with  allghtly  leas  difficulty  than  PUA  1004 
but  are  inferior  to  AMS  5735  end  AMS  6304  In  these  respects.  Voidability  of  alloys 
la  poor.  Alloys  tave  oxidation  resistance  comparable  to  the  austenitic  stainless 
steels  end  good  corrosion  resistance. 


APPLICATIONS :  Parts  requiring  high  strength  within  temperetnre  range  1000  -  1400  P 

and/or  oxidation  and  corrosion  resistance  at  tesipe  rat  urea  up  to  approximately 
1600  P.  Used  primarily  for  discs,  shafts,  spacers,  and  tleroda. 

CHEMICAL  COMPOSITION  (Noetlnal)  t 
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2.85 
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0.35* 

0.015 
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HaATKkATKSNT : 

H 

MS  5660 

PM  1003 

hr/W.u. 
1475  F/2  -4  hr/A.C . 


2025  F  e  25/2  hr/ 


Solution:  200C  F  e  25/2  hr/V.q. 

Stabilisation:  1450  -  1500  F  t  15/2  -  4  hr/A.C. 

Precipitation:  1325  -  1375  ?  *  15/24  hr/A.C. 

(Resulting  hardness  Ehn  205  -  352) 

Annealing:  Same  as  solution  heatreatasnt . 

Annealing  and  solution  nee  treating  should  be  done  in  slightly  reducing  atmospheres 
free  from  sulfur. 


1975 
1425 

1300  -  1375  F  e  15/24  hr/A.C. 
(Resulting  hardness  Ehn  302  -  388) 


POrtugABI CITY:  Fair.  Superior  to  PM4  1004  (Uaspeloy)  nickel  base  alloy.  More  difficult 

than  AMS  5735  precipitation  hardsnable  steel  and  AMS  5616  hardenable.  corrosion 
resistant  steel.  Usual  forging  temperature  range  is  2050  -  1600  P.  Preheating 
recommtnded  for  large  forcings . 

FOhMABILITY:  Fair.  Sllghtlv  more  difficult  in  solution  heatreeted  condition  than  the 

austenitic  stainless  steels.  Severe  deformations  may  require  severe!  intermittent 

anneals* 


HACHINABILZTY:  Difficult.  Rates  similar  to  PUA  1004  nickel  base  alloy  and  more 

difficult  than  AMS  5733  precipitation  hardenable  steel  and  AMS  5616  hardenable 
corrosion  resistant  steel.  Machinable  in  ell  conditions;  however,  fully  has created 
Is  preferred  for  flnlrh  machlnii^. 

UttUMBILITYi  Difficult.  Welding  not  generally  reeowmnded. 

BrtA£J£ArtILlTY:  Not  usually  brased.  Can  be  silver,  copper,  end  goli-nickel  biased; 

howev  r,  beatreet  complexities  of  alloy  require  epeclal  metallurgical  considerations 
to  ensure  desired  properties  of  finished  braaementa. 

CHARI  CAL  PHOPfcKTigS 

COKkOSIqX  REoIaTANCk j  excellent  resistance  tc  corrosive  nsdls  commonly  encountered 
in  turbine  Applications.  Coiroslon  resistance  similar  to  that  of  the  austenitic 

stainless  steels, 

OXIDATION  h*&lsTANC£}  Resists  oxidation  a*  tesg>e  ret  urea  up  to  1600  P. 
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a  WMIVNgY  AINCN«rr 


Pm  687  pm  1004  PMA  1090  PVKA  1061 


asm**  ww**!.'* 


MrmmoAtxtMi 

raw* 

comma*! 


PMt  1004 

PU  487 

P»  1050 

m  io«i 

Bart,  forging*, 
rings,  forg lag 

stock 

Bars,  forgings, 
rings,  forging 
stoek 

Sheet,  strip, 
plats 

gelded  tubing 

Solution, 
stabilisation 
end  pwolpltatlon 
hsetreeted 

Solution 
hen treated 

Andes led 

Under  8.0  in.  dies  - 
annealed  end  cold 
drawn 

Over  8.0  in.  dlan  - 
annealed 

cam*  dmsiokatioii  Mspaioy 


MK1TII0  ntACTICl: 


iw  ioo4i 

PW  587  i 

r»  losoi 
m  io«i i 


Multiple  Belting  using  eonsuaebl*  electrode  proceed  In 
the  r*m  It  cycls,  or  vaeuust  Induction  eel  ted . 

Multiple  malting  using  coneuneble  electrode  proceee  In 
the  reaelt  cycle,  or  eacuun  Induction  Melted. 

Multiple  Belting  nsiog  ncuujt  consumable  electrode  prooeee 
In  reaelt  cycle  or  vaouun  Induction  plue  ooneuaehle  electrode 
reaelt,  or  vaeuua  Induction  aelted. 

Vaeuun  Induction  or  reouua  coneuaeble  electrode  aelted. 


OnOOUL  E»cuma :  Weapeloy  le  t  heetreeteble  nickel-bass  a.loy  which  h»«  good  strength 

et  te^ereturee  <9  to  1400  -  1800  P,  end  good  Okldatlon  end  ccrroelon  reiletence  In  gee 
turbine  engine  etaoepheree  at  teaperatiree  up  to  1500  P.  Tenelle  strength  of  eubject 
epealf lection  aeterlele  ere  euperlor  to  thoee  or  Inconel  X,  end  Inferior  to  thoee  of 
Inconel  718  et  teaperatuiet  up  to  1360  P.  Creep-rupture  etrengthe  are  euperlor  to 
thoee  of  Inconel  X  and  to  thoee  of  Inconel  718  at  tcnperaturee  above  1150  -  1800  P. 

Alloy  le  weldable j  but  with  no  eaell  degree  of  difficulty.  Machines  Ilk*  other 
precipitation  hardanable  nlckel-beae  elloya  end  haa  foralng  charecterletlca  like  thoee 
of  Inconel  718, 


APFUCAT101I3!  Parte  requiring  high  strength  plue  good  oxidation  end  corroalon  resistance 
et  temperatures  up  t-  1400  -  1500  P.  PMA  887,  Put  1030,  and  m  1061  are  sppllcebls 
to  parts  idilch  faquirs  welding.  PWA  1004  used  far  stationery  parts  which  do  not  require 
welding  or  the  higher  etrengthe  obtainable  with  PMA  1005  and  put  1007. 

CMMCU  COMPOSITION  (Pomloal): 


I57K  T3T5  $  J?&  7~i  3^57  wV  JOJ*  JCTI5*  rfST53ir 

(0*7&a)(n.75«){ 0.020*) 

Maxim*,  (  )  -  valuas  for  Ft*  1004  aa d  FW  1061. 


HKATrtlATHElft;  PI*  1004  *  PWA  667 

Ann**.* : 

Solution*  1800  -  1925  F  for  4  hr,  0*  or  t* 
Sterilisation;  1550  F  t  15  for  4  hr,  AC 
Fraeipltatlom  1400  F  *  15  for  16  Fr»  AC 


Pt*  1030  Hi  1061 
1975  ,i-  *  ?i  for  W  *ln, ,  it  or  fas  tor 
1825  F  *  25  for  2  hr*  AC  or  fas  tar 
1550  P  t  15  for  4  hr,  AC 
1400  P  t  15  for  16  hr,  AC 


FI*  1004  and  Ft*  667  part*  which  ara  not  subaaquantly  nachlnad  all  owwr  raqulra  a 
Auitabla  protaotlra  atnoapbora  for  solution  haatraataant  and  na«d  only  to  ba  rapid 
air  cooled.  Ft*  1050  and  Ft*  1061  aatarlala  raqulra  protaettva  ataosphara  for  both 
» no** ling  and  solution  haatraataant. 


FOAUfiAdXUTYt  Fair*  bat  tar  than  that  of  PI*  1008  iAstroloy),  but  i-oowr  than  that  of 

Pt*  1003  (Incoloy  901)  or  PI*  1010  (Inconal  716).  Ganaraiiy  forgsd  within  2050  -  1650  F 

ranga. 


FOAMABIUTYt  Oood  foraltu  abilities  In  anraalad  or  solution  heat  res  ted  condition; 
ac^ai-abla  to  hA  1033  Tloooial  710)  out  inferior  to  austehltle  stalnlasa  steels. 
Sheet  under  0.050  la*  can  ba  bant  180  dex  around  a  uitaeter  aqual  to  lta  tnicko**# 
at  rooai  teiqpereture;  ahaat  thlekr*e*s«e  or  0.050  -  0.187  in.  can  ba  bant  around 
diameters  which  ara  tvloa  their  thickness. 

t9kC'A19ABXHTXi  Dif  ficult.  Machined  with  nn»  ganaral  techniques  and  dagree  of 

difficulty  aa  FI*  1003  (Xnaoloj  901)  and  Pt*  1010  ilnoeml  718);  nore  difficult  than 
tia  austenitic  stainless  staals.  Machinable  in  all  condltlona;  fully  haatreatad 
ecr;dltlMJ  la  preferred  for  finish  seohlntn*. 
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PRATT  *  WHITNEY  AIRCRAFT 


pm  $87  pm  1004  pm  030  pm  061 


OSlCfiAL  IMFOIgjATIg  ( cont , ) 


WELDABILITY  I  Difficult.  Coepareblo  to  Inconel  X  end  A-2S6  but  nor*  difficult  thAn 
loconol  716 .  Can  be  fusion  welled  by  either  Inert  fee  tungaten-arc  or  Inert  gee 
■ntell i --ere  procoaa.  Welding  la  asconpliahed  In  tfce  aolutlon  heetreeted  condition 
with  parent  natal  filler  aaterlel  (Ft*  lOac).  Full  heetreatnent  required  after 
welding  to  repair  beat-affected  lone  of  the  weld  and  to  achleee  optima  properties. 

EKAZBABILITY t  Can  be  alleer,  e  pper,  nickel,  and  gold- nickel  braced.  Faying  surfaces 

of  brased  Joints  should  be  nickel  plated  prior  to  bracing.  Becauae  of  heatreat 
complexities  of  alloy,  special  aatallurgleal  considerations  are  required  to  ensure 
desired  properties  In  the  finished  bra  tenant  a .  In  many  Instanced,  asaaabllss  are 
aolutlon  heatreated  and  gold-nickel  breted  1>  the  aaae  operation;  the  resultant 
aoaeebly  requlraa  only  atablllaatlou  and  precipitation  heatreata  to  complet-  the 
heat  ram t  cycle. 


cmaticAL  FBorewriaa 


CORK  (MICE  HESISTAWCEi  Oood  reatatenee  to  corrosion  In  gaa  turbine  engine  snelronsaente. 

OXIDATIOB  asaiSrikCK:  Good  realatance  to  atnoapherea  ancountered  In  gaa  turbine 

englnee  et  temperatures  up  to  Id 00  F  for  Intermittent  aerelce  end  up  to  1800  F  for 
continuous  aerelce. 
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J»»ATT  *  WMITNCY  AiPtCAAFT 


CONFIPSMTIAL 


PWA  looe  PWA  I0f3 


SPECIFICATION*  PNA  1005  ITC  1013 

FOails  Forging*  nod  forging  stoek  Forgings  an<^  foi-gin*  stock 

CONDITION :  Solution,  stabilisation,  precipitation  hea  treated 

COttON  DCSJ4IATS0H:  Astroloy 

►tu.II HG  rrtACTICl j  PM  IOC*  -  Vacuum  induction  plus  eonsuribla  alactrooe  r*»lt 

PM  1013  -  Vacuum  Induction  or  vacuum  Induction  plus  consumable 
alaetrate  maw  It 


UKJf&KAL  DBSCfUPTION:  Astroloy  la  •  heatre* tsbis  nlcka.X-base  alloy  applicable  to  par:a 

which  r«qul ra  high  strength,  and  gooC  oxidation  and  corrosion  resistance  a',  teape  returns 
up  to  approximately  1500  ¥.  Tensile,  craap  and  *tre*n-rupture  stre.igthe  ars  superior 
to  thosa  of  PM  100$  and  PM  10</T  {Mspeloy1.  *sbrle*bill ty,  and  oxldat  n  and  rorroaiot 
resistance  of  alloy  are  slightly  Inferior  to  those  of  Vaspeloy, 

APPLICATIONS:  Farts  requiring  high  atrr-vths,  and  good  oxidation  and  uurroslon  »wal»tance 

at  temperatures  up  to  approximately  1600  F.  Particularly  ap^ll-ahla  to  turbine  discs, 
iam>*r  rings  and  cover  plats*. 


CHEMICAL  COMPOSITION  (Nominal >; 

_  C  Or  Co  Ho 


SI  Fe  Cu  Zr  HI 

79*  tt*  rr*'  73b*  ssrrssr; 


c  ir  Co  >(o  7i  kl  »  Mn  p  s  si 

looe  7C«  ITT  T7  O  STS  C5  789  7TS*  TUnr*  7CT3*  79 

P«  1014  .Otf  li.O  17  5.0  5.4  4.5  .04  .14*  .015*  .014*  .2»  .5*  .1*  .(*• 

Maximus 


KBATh^MSlft  ; 

Soiuu.<n  Anneal: 
Solution: 

Stab} Illation; 

Fre  c  1  ?! I  tat  1  on: 

Annealing  •  T-»ms 


_ _ _ _ pm  iocs _ 

8125  F  t  W/4  hr/AC  or  fast#.* 
1975  F  ♦  85/4  hr/AC  f.r  fa  star 

1550  P  i  15/4  hr /AC  or  fast*. 

1400  P  j  15/16  hr/AC  or  faster 

as  aolutlon  toe  tree  tarn  r.t . 


P*A  1013 


1975-^)7 5  P  t  15/4  hr/4  in  molten  aalt 
bat;,  at  6Cw  f  *  10,  » tab  Ills#  600  F/aC 
AbOO  F  t  15/84  hr /AC  to  «T 
«•  1800  P  ♦  15/4  hr/AC 
}»00  F  t  15/84  hr /AC  to  RT 
*  1400  F  t  15/8  ar/AC 


FORiiSASiLirt :  Fair  in  amail  sites;  difficult  In  Xurgi  (18*  i iamster;  sites.  SomstMat 

•ore  difficult  to  forge  than  FM  1005  and  PM  1007  (Mspeioy). 


F-OMMMLlTTt  Fair.  comparable  to  Msp»loy  and  sore  difficult  then  the  auateaitle  stainler 
steals.  High  rate  of  work  hardening  necessitate*  intermittent  snr.es.  Is  for  severe 
deformation  operations. 


HACBI SAUI LIT'f :  Difficult.  Machining  acromgiiabed  wit*.  saw  gsrersl  techniques  used  f  or 

FM  1005  and  PM  1^07  (MspaioyJ,  b«t  *  th  slight  ».y  more  difficulty.  Machinable  In  ail 
conditio***;  however,  fully  heatreated  condition  is  prsfarred  for  finish  machining. 


WSUABILITT  ;  More  difficult  to  a#*!  than  Naspaloy,  hot  generally  recommend*. 

"HAZiSAMLITT:  Not  usually  bresed.  Can  he  stiver,  ccipfer,  and  gold-nickel  bresed;  hOwster, 

heetreut-  complexities  of  atioy  require  special  metallurgies!  c  v>si  dare t!  oaft  to  ensure 
.da-fired  properties  cf  finished  brsisme^?#. 

IH|W£  S*L  Fsjftynts 

sio^T  STANCE:  voo-1  rorroaior,  'esistanc*  t:-  ga*  turbine  s^flna  a Emoarheret . 


dlStANCXi 

*t  tea^eratwres  up 


«*eclstaiv::e  u  a tBOifftif** 
to  appr o-9.;«ately  ii-'O  >*. 


enc'ouaterrd  in  j*»  tuj-rine  eng -res 
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arr  a  whitmcy  aircr  apt 


PWA  65£ 


w  iy^a«nfli 


araciricAtioai  m  »m 

FORAi  Imili  tat  mating* 

Ciaromoti  glad*  and  ran*  castings  am  tbaraal  shock  tasted  i  200c  F  for  20  alnutas, 
air  too lad '  ‘-ri oo .  Farta  ottaar  than  hltdat  and  ranas  -  aa  ait. 

comao*  mtsioRtnoas  if  100 

MBLIIPO  FMACTIC3 1  Taouun  la  I  ;«d  and  aaat 

MMiWl  OCSCAlFTlOKi  Caat  alekal-b***  allay  ua#4  in  tb*  aa-oaat  condition. 

Itrtn-lirWn  and  erasp  atmnftha  af  alloy  ara  caasaj-abla  to  theta  r  Ft*  1S» 

(an  aoc)  and  ay^artor  to  thorn  of  Ft*  6»h  ( Into  Til),  Ft*  1011  (i:aool«  11-,',  and 
FI*  tea  (O-TOO).  SulTiaatloo-o  latloo  malataaaa,  l.ta  that  at  rut  (W,  It  poor; 
datarant  aoatlagc  raqulrad  fer  appllaatlona  at  taaparaturaa  abort  1*00  F. 

1FFUCAT10* i  Primarily  uirtlaa  oladaa  and  nu-. 

Cmtl CAL  COWualTlu*  (loaOnaDi 

trim  i^o  3$  snb  sB  sH  nV  er5*  md&aK 

'ihila* 

HKafRIAmnFTi  Turbina  bladas  -  Igad  at  ;WO  F  *  **  fjr  is  hr,  ale  cwlad. 
CAIfaalUTIt  .‘air,  tutllar  to  f*  64«  (Ut  SCO). 

M*vkl**&ILI?l  i  Dlffic ‘It.  Ntchlalng  aocoapliabaU  rlth  *****  (ait  t,  t  hniquat  and 
da«ra»  or  Ufriaulty  .a  FI*  *»S  Unco  Tly),  FMt  *S9  U-7«),  tel  Ft*  oil  ( J*  1^0), 

MUDdBlUTTi  .Uric alt.  lot  utmlly  soldo*. 


cosucaioa  us  aur-  .io*  whist*  am  oauarti  corri*! or.  r»»l«Ur.:«  ,!  It  4-.-Oti. 

Allay  1 «  »ub‘««t  c.lt!iit!oA>oi!  iAtlon  ic  t#i .  .:m  l  i  c-r  s*iac  'ftri ;  *,  ^ 

Utrbla*  ' m  •ZmKHkp^+rmt  wnicb  cocUin  <*?&*!£  »w*f.tr-hAll£A  At 

t*^*r«tur .*  ibov*  1400  F.  lo  tuus^r**  »4f«  *cifAT  ?r  £-***.<••  at*  , 

•  lioy  1«  .ApAftiv.  o'  «t  i  ap  t,-  j  l$OC  F. 

SlGCA  pr Aft* DC A  of  dAXfttAri^ift  4«if\sr  -  «#  1 1 4*  CCK'.r4l:9ni  l«*T  J-ittft  'mV;  !  r. 

Alr-propu.lftloa  Appllcfttloft*,  •ul/l4at  id«- dAtATAnt  «r*  for  sii 

ttiTbln*  &1aAa  ED#  7 ADA  A?fll*ftU3Aft  if  Chit  ftlic-y. 
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PWA  663 


anmn  myoRHATioe 


3PSC IPICATION  f  PMA  663  (DatalcpMnt ) 

POPXi  Inaaataant  aaatlnga 

CONDITION!  Sladaa  ara  tharaal  ahock  taatad  (2000  F  for  20  alnutaa,  air  ooolad)  twloa, 
kon-blada  appl 1  ca  i  1 ona  .  aa  caat 

KSLT1N0  PRWTICl!  Vaduua  tMltad  and  out 

onKfUL  DESCRIPTION!  P*  663  la  a  oaat  nlokal-baaa  alloy  wbloh  ha  a  atrangth  and 

oxidation  raalatanea  ooaqparabla  to  that  of  PMA  669,  but  allghtly  battar  ductility. 
Although  oxidation  raalatanoa  la  vary  Rood,  Marginal  aulfldatlon  raalatanoa  will 
probably  naoaaaltato  ooating  protaction.  Caatablllt*  la  oomaldarad  good. 

APPLICATIONS  1  Primarily  applleabla  to  turblna  bladaa  and  aanaa. 

CHEMICAL  COMPOSITION  (Noaalnal)i 

irW  C?  l!l  ri  O  TSTlEx  TOTS  raJInd.r 

HKATHKATHBMT i  Praolpl tatlon  ago  -  lb&O  T  t  2b  for  4  hr,  air  cool 

CASTADIUTYs  Good.  Similar  to  that  o  f  666  (Inconel  713)  end  elgnlfloantly  bat  tar 
than  that  of  PWA  669  ISH  200)  and  PUL  668  (IN  100). 

MACKI NABI LITY t  Difficult.  Accomplished  with  aana  general  technique#  end  degree  of 

difficulty  aa  PWA  666,  P WA  668,  and  PWA  669. 


CHKHXOAL  PROPERTIES 

OXIDATION  A3 D  CORROSION  RKSISTANClf  General  corrosion  reelstenoe  of  alloy  la  .good. 

Subject  to  sulfidation-oxidation  deterioration  when  operated  at  temperatures  above 

1400  F  in  gat  turbine  engine  atroapherea  which  contain  c*’  ♦••***  aulfur-hallde  combinations. 

Sulfidation  resistance  of  alloy  lv  reportedly  similar  to  -Im*  of  PtfA  665  (If  one! 

therefore  the  alloy  will  probably  require  coating  protection.  General  oxldaMon 

rail  stance  of  alloy  la  bettar  than  that  of  PWA  669  (SN  200), 
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SPECIFICATION:  PI*  666 

COMMON  DBClQNATlONf  Incan*],  njo,  L*yn»»  Alla/  713c 
AVAILABLE  PORMi  Invo.tnont  cooling* 

CONDITION!  A*  coat 


KBLTINO  PRacTICNi 


Vacuum  Boltod,  VACUUM  coot 


OSHEBAL  DESCRIPTIONS  Coot  nlckol  boo*  alloy  noraolly  u«*d  tn  *o  coot  condition. 

Minimise  ICO  hr  otrooo-ruptur*  ond  1.0$  croop  otrongth*  *t  1650  F  arc  33.0  kol 
and  23.0  kol,  roopootlvoly.  Strooo-rupturo  ond  croop  otrongth*  of  alloy  or* 
ouporlor  to  thoa*  of  0-700  but  Inferior  to  thoo*  or  3N  200,  IN  100,  ond  PWA  663. 
Oxidation  roolotono*  of  alloy  1*  good  to  1000  P.  Thoraol  ohock  proportloo  or*  ouporlor 
to  thoa*  of  aoot  coMMonly  uaod  hoot  roolatont  nlckol  boaa  alloy*.  Alloy  lo  aubjent  to 
aulfldatlon;  b*tt*r  than  IN  100,  AM  *00  or.d  PWA  313  but  inferior  to  D-700  ond  Waopaloy. 


APPLICATIONS! 


Turbin*  bl*d«o  ond  vonoa. 


CHEMICAL  COMPOSITION  (Noialnol)! 

oVaTc  T3 
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Hi  ♦  Co 
remainder 


ajaTRSATMKMTi  Honsally  used  in  as  caat  condition, 

Straaa  relief:  1600  F  for  2  hr,  air  cool. 

CAPABILITY:  Oood.  vecuua  neitln*  and  casting  required  to  iwlntein  control  of 

reactive  alloy  eleteenta  (Ti,  All.  Air  and  inart  gas  Atmosphere  melted  and 
oast  products  ara  substantially  lnfarior* 

HACHTMABH.it Y:  Difr^iClt.  Cu^mrabla  to  I*  100.  SH  200,  P Ml  663.  Use  of  carbide  tools 

With  slow  »p*sds  and  light  loads  reco«i*nded.  Finishing  dono  by  careTul  grinding. 

WELDABILITY:  Difficulty  not  ganarally  waldsd.  PWA  axparianca  limited  to  bardfacing 

of  turbine  blada  shrouds  with  PWA  694  (air  rasistant  cobalt  base  alloy).  Post 
weld  strata  relief  required. 


BRA  LABILITY: 


No  data  available. 


CKEHI CAL  PROPERTIES 


CORROSION  RESISTANCE  Oenerelly  good;  but,  Marginal  resistance  to  aulfldatlon  makes 
ua«  of  a  protective  coating  (PWA  47-14L)  deairabla. 


OXIDATION  RESISTANCE; 


Qood  up  to  1900  F. 
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PWA  653 


asmk  lasflttiisi 


SPECIFICATION  I  PUt  603 

COMMON  DoSlONATIOMl  K-5* 

AVAIlABLc.  FORMS!  In»eiit«ent  oaitlngt 

CONDITION  I  A*  Ot  At 

MALT I  NO  PhACTICBl  Air  Milt,  tlr  Ottt 

OKMCHAL  DESCRIPTION!  Ctat  cobalt  bin  alloy  generally  uted  11  it  ant  condition. 
Minima  100  hour  etreat-rupture  tnd  1.0)1  oreap  atrengtha  tt  1700  P  trc  17.0  ktl 
tad  1S.0  ktl,  rt apactlvaly.  Straac-rupture  tnd  arttp  atrengtha  of  alloy  trc 
ootqMreble  to  that*  ot  Pm  667  and  aubotantlally  auparlor  to  thoae  of  A MB  6308 
and  AMS  5368  caet  eobalt  bata  alloys.  Allop  exhlblta  good  thoraal  shock  and 
corrosion  raalatanoa.  Oxidation  raalatanoa  It  poorest  of  easq  oobtlt  baaa 
blada  and  tana  elloya,  Prottetlre  oxidation  and  arotloa  raalatant  coatings 
required  for  applloationa  In  elolnlty  of  1600  P. 

APPLICATIONS!  Turbina  aanaa. 

CHEMICAL  COMPOSITION  (Honlnal)i 

irW  irfo  £Vr4  sstskt 

HKATHEATWNT 1  Noraally  utad  In  at  ctat  condition, 

strati!  rallari  lfOO  P  I  IS  for  2  Hr,  air  cool 

CASTABILTYY:  Ooodj  tlalltr  to  AMS  S36S. 

MACRIMABlLITTi  Difficult!  tlalltr  to  AMS  6368  and  PMA  667. 

ME1DAB!  UTYi  Difficult,  not  generally  racomandad;  howevar,  can  bo  aoooapllahad 
with  tpaclal  tsohnlquea.  Strata  relief  required  after  waldlnc. 

BBAZEtBIUl*!  80  data  arallabla. 


CHEMICAL  PHOPWTiaa  I 


CORROSION  RESISTANCE!  Seed. 

OXIDATION  MiSlSTANCAi  Ouod  ur  to  1600  P.  frotactlra  oxidation  and  aroclon  raalatant 
oustings  required  for  applications  at  te«peratu-ai  of  1600  P  tnd  tbore. 

PUA  63  and  PMA  44  orotactlrc  coating*  laproro  oxidation  raalatanoa  In  1800  -  0000  P 
range. 
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AMS  6415  ms  6359 


iP4ClKXCATX'»l:  AKb  o41 5  AMS  o3&9 


AVAILABLE  ‘•’JrtMS:  Bar*,  forgings  Plat*,  cheat,  atrip 

CokDITIiWi  Bar:  Hot  or  cold  finished 
Forcings i  Aa  ordered 

Jheet:  Annealed  (He  25  max)  or  nonealttad  and  tampered  (Re  30  tox) 

"  ’ AON  DKSlJhATlONi  AISI  4  540,  SAh  4.540 

fjiLTINii  PRACTICE;  Oenareily  air  r*»l  tad  in  elaetrtc  furnar:.  Vacurjs  malted  material 
la  ilao  available. 

0=.NKRAL  DESCRIPTION :  Alii  4540  la  a  I alio;  steal  which  la  heatrestab  »  ovar  a  wide 

range  of  yield  str^n^tha  -  ICO  to  210  kal.  Moat  coraaonly  haatraatad  to  HO  *  1V5 
kai  (Re  35  -  46)  yield  atrength  lavel  for  application  at  tamparatura*  up  :o  TOO  r. 
vield  strength  ( 0 .  *,  offaat)  of  alloy  la  slightly  higtier  than  that  of  AMS  5013 
(AISI  410)  steal  at  cor,,iarablo  hardness  at  temperatures  up  to  «00  P.  Stress-rupture 
and  creep  strengths  of  alloy  ara  inferior  to  thoaa  &f  AHS  63C4  low  alloy  ataal  at 
comparable  mucinosa  lay^«a.  Forging,  a»  chining,  snd  hard# ring  characteristics  ara 
comparable  to  thoaa  of  A 1.6  5304  and  superior  to  thoaa  of  AM&  Sold  (Greek  Aacoloy} 
corrosion  ~*aiatant  ataal.  Corrosion  raalatanea  la  poor.!  comparable  to  that  of 
Arto  o304  but  Inferior  to  that  of  AM6  6613  and  APIS  6616. 

APrLIOaTrouSi  Farta  requiring  hi*1*  hardenabilH  *,  high  strength,  »  -  1  reasonable 

toue^hnaaa  at  moderate  ionpax*aturaa  (up  to  7r  F),  Used  prlaasr  11*  for  shafts ,  hubs, 
and  compressor  discs, 

CHEMICAL  COfIPUdITIOJi  (Nominal): 

C  Cr  Ki  Mo  Pin  Si  P  -  Fa 

Z7tt  5733  T73B  5V75  S77S  C.T?  ff.WSkx  ?a«aTn3ar 

ri&ATK&A  r«b.X.T  t 

.<j  realise:  lb’’*'  -  1?00  ?/X  hr  par  sectlet*  loch,  air  cool 

Au-.anitlta:  1475  -  1600  F,  oil  quench,  Through  hardening  attained  In  .»*  n 
4*.  see  up  to  3,0  lnchaa  with  oil  quench. 

Tanker  rang*;  oOO  -  1200  F  for  2  hour*  and  air  eooled.  (^a.:-  tender  curve  for 
r^Htad  properties  and  tempering  t eaters tures, ) 

Anna al:  16*25  -  16o0  F,  furnace  cool;  resulting  hardness  Bh»i  215. 

Has  t  reatment  at  temperature*  above  1000  r  require*  suitable  protective  *tmospb*re 
to  avoid  dacarourl tatlon. 

FUrtu.wtL'lLlTf  {  Readily  forbad;  comparable  to  Affc>  6304  low  allot  steel  and  A  Mo  5ol3 

410)  hardanabla  corrosion  raalatant  ataal.  usually  forged  in  2230  *  it»50  F 
temperature  ran/*,  oenerally  normalised  before  aut  sequent  ha rdanlru*  am  tarparlrqr 
heatraatasnta. 

f'JHf ABILITY:  Fair:  cold  forming  axperlence  vary  limited.  fora*  in  full-  annealed 

condition  Somewhat  Ilka  Aiw  5504  (Al^I  410). 

P^ChI.*Ai?ILITirs  Fair  to  good.  Similar  to  Aho  5t>13  (A  IS  I  41C)  and  AKS  o5rf  lov  allot 

steal  out  saperlor  to  Af.s  541t>  (^raak  aacoloy)  and  tha  austanltlc  atalnlasa  ataal*. 
Cptlnua  condition  fop  ruagh  mchlolng  5a  nomalisad  and  tat^arsd  to  ROCkvall  C  50  mas. 
rlnisnlng  a*?-  ba  psrfo*-»*d  on  malarial  hardanad  and  tamparac  to  ar.y  atrangth  and 
hardnaaa  iavol. 

kfcLDAhlUTlfj  Fair  to  poor.  Can  o*  fusion  waiiad;  howavsr  wwldJng  l a  t.ot  ganera lly 
racomnanded  unlaaa  photphorua  and  sulfur  cor.tanta  era  raitrlctai  to  O.Qifri  aax. 

PHAiaABlJUlli';  haadily  bra-sad  by  ail  Aathetd*,  uold-nVc#£»l  and  copper  bratln^  should 

procada  hardanins  ant  tamparing.  Ksatraatoant  raqu trad  after  *%.?6  hixh  ta^  atui’a 

si  Ivor  orating;  r,o  haatraatment;  naceseary  after  A>«  26o6  1  .*«  tea^aretura  atlvaT  asing. 

CHgKI CAL  fhOFk.4TI£3 

COAHOSI3N  .tiUl^TANCE:  Poor  corrosion  raalatanea*  Protactiva  coating  of  cadmium  piata 

la  raquirad  for  applications  at  tamper a tups  a  up  to  $00  P.  Afcova  500  F,  dtfTuaad  nlcval- 
cadmlus  (AfS  2416)  plate  la  uaad. 

Oil  OAT  I  Of?  Hi,aIStAi*C.El  Poor  to  fai'.*;  not  rust  raatstant,  Porsi*  thin  s:ihar*.it  oxi.de  fil> 

in  dry  air  as  tawj>aratur#a  up  to  approsiaataly  700  F .  ±cz\  g  bae^aaa  apprac labia  tbova 
1000  F.  Ctij^arabla  to  AMb  t>3C4  but  infarlor  to  kY+>  56.' i  UI6I  4-10)  and  Afw  5oi^  (  jraek 
Aseoloy) . 
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AMS  6304 


QTOMAL  HfP0HMATI3» 


3PXCI FICATIOVi  AMS  6304 

FORK!  Bart,  forgloga 

COVDXTXOMt  Bar  -  machinable;  bhn  2 »  max  If  cold  fintahed 
Forging  J  -  annua  ltd;  Bhn  241  tax 


CuKMO*  DttSXSBATXOHi  17- 22- A;  Tomplax 

fOO^riNO  FRA  CT I  Cl  i  Elaotric  furnaea,  air  malt. 

GKA^AAL  DiiSCMXPTlOHi  AMS  6304  It  a  low  alloy  areal  *ilcK  It  genarelly  uatd  In  the 
normalised  and  tempered  condition  for  raixinu*  elevated  temperature  strength. 

Yield  strength  (0.2%  offaat)  at  ta^era  ;»■>»•#»  above  COO  ?  for  AMS  0304  hardtnad 
to  He  33  la  a  apart  or  to  that  of  AMS  6415  low  alloy  ataal  and  AMS  5616  (Greek 
Aacoloy).  Creep  strength*  ara  auparlor  to  those  of  AMS  5616  (Greek  Ascoluj)  and 
AMS  6415  (low  alloy  ataal)  but  lxtfarlor  to  thoaa  of  AMS  5735  (A- 266)  or  AMS  5660 
and  PHA  1003  (Inco  901).  Forgeability  and  maohlnablllty  ara  Ilka  *MS  6415  and 
auparlor  to  AMS  5616  and  AMS  6735.  Corroalon  raalatanoa  la  poor;  similar  tc 
AMS  6415,  but  lnfarlor  to  AMS  5ol6.  Protaction  agalnat  oxidation  la  requirad 
at  taagiaraturaa  abort  750  F. 

APPLICATIONS!  Parti  requiring  ruptura  and  oraap  atre.Tgthe  auparlor  to  thoaa  of  othar 
low  alloy  and  haroenable  corroalon  raalatant  atoala  at  temperature*  up  to  1000  F. 

Uaad  primarily  for  coaqjraaaor  dlaca,  epee era,  and  ahafta,  and  for  Mgh  te^erature 
bolta. 

CHEMICAL  COMPOSITION  (Noadnal)l 

C  Cr  Mo  V  Mn  SI  P  3  _  Pa 

37*3*  03  7SS  033  05  0777  C7075*  OTOW*  FaSTT^ir 

*M*xlmua 

HUATRKATMKjrr: 

Normalise t  1?50  P  Tor  1  *  1.5  hr,  air  cool 

Tamper:  1100  P  min.  for  6  hr,  air  cool,  (Large  for«lnga  require  additional  temper 
of  1100  P  for  4  hr,  air  cool) 

Procaaa  an-mal;  1250  F  for  g  hr,  air  cool 

Tull  anneal:  1450  P  for  1  hr  par  section  Inch,  furnaca  cool  20  dag  r  par  hr  to 
1000  r,  air  cool  (Hardaaaa  Bhn  160  -  190) 

Normalise  and  anr.aal  hea treatment a  raqulra  aultabla  protect! v«  atmosphere  to  avoid 
dec arburlsatton. 

FOKCAABILITY:  Readily  forged;  alalia r  to  AMS  o4l6  low  alloy  steal.  superior  to 

AMS  5735  (A-2do),  P«A  1003  (Inco  901?  and  fVA  1006  (Waapaioyj.  Usual  forging 
range  -  2250  T  down  to  1600  F. 

MACMINA3lH'*Yi  hair  to  good.  Similar  to  AMS  6416  and  superior  to  the  austenitic 

atatnlaaa  ataaia. 

MfcLDAblLITYr  Fair  to  poor-  to',  usually  welded:  however,  with  aoma  chemistry  nod!  ri  cat  Iona 
material  can  be  aatiefactorliT  welded  by  techniques  uaad  f-r  othar  high  strength.  lew 
alloy  eteale. 

HRA£AAPlLITYi  itaadlly  braaad  by  *11  eatboda.  <>old-nl  cael  and  copper  braslng  a  Mould 
precede  normalise  and  temper  beat  res tmenta,  Kr»a  treatment  required  after  AM.-  2&o6 
high  teftperat;ir«  silver  bra  ting:;  no  haa  treatment  n* caster?  after  AML  ft.-u5  low 
temperature  silver  t-rasing. 


CKfeMrCAL  FftOfkSTIAS 

CORROSION  RESISTANCE:  P.or;  similar  to  Af©  6415.  Pro«®c*n.*  -vsetl.ng  of  ctdaiu*  plate 

required  for  apf  licet!  on*  at  teaperaturei  up  to  500  P.  Above  500  P  diffuse*  r’-kal- 
cadmium  plate  (AMS  2416}! a  uaad. 

OXUATIOft  rjfcSISTAiCa:  Poor  to  fair;  not  ruat  resistant.  Forma  thin  adherent  oxide  film 

In  dry  air  at  tar^aroturaa  up  to  approximately  700  F.  Scaling  becomes  appreciable 
above  1000  t.  Comparable  to  A‘6  6415  but  Inferior  to  AML  5613  (AMI  4iO)  *:-^i  A  Mi 
5t>16  {-Graak  Asooloy) , 
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